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Protein content of the Great Northern beans was 26.10 percent on a dry weight 
basis. The apparent isoelectric pH of the NaCl extractable proteins was about 4.4 Among 
the several solubilizing agents, Na2co3, K2S04, sodium dodecyl sulfate (SDS), and NaOH 
at the respective concentrations of 0.5, 5.0, 5.0 (all w/v), and 0.02 N were the best protein 
solubilizing agents, solubilizing 93 .6 grams Lowry protein per 100 grams Kjeldahl protein. 
AI bumins and globulins accounted for 21.18 and 73.40 percent, respectively, of the total 
bean proteins. The bean proteins were fractionated and protein concentrates and protein 
isolates were prepared. The bean flour proteins, albumins, globulins, protein concentrates, 
and protein isolates (heretofore referred to as fractions) were studied electrophoretically. 
Several functional properties of the fractions were investigated. Protein con-
centrates had the highest water and oil absorption capacity (5. 93 and 4.12 g/g, respectively) 
and emulsion capacity (72.6 g oil emulsified/g). Albumins registered the highest emulsion 
stability (780 hours at 21 °C). Foaming performance of the Great Northern bean proteins 
was fair and concentration dependent. Sorption isotherms studies indicated that the bean 
flour had higher equilibrium moisture content at corresponding temperature and equili-
brium relative humidity than other fractions. Buffer capacity of the bean proteins over a 
pH range of 4-8 was modest. Modification (succinylation and oxidation) improved the 
water and oil absorption capacity of the bean proteins. Globulins registered the highest 
stickiness (92 N) among all the fractions. 
Alkali solubilization of the bean proteins resulted in significant reduction in 
trypsin and chymotrypsin inhibitory activities and elimination of hemagglutinating 
activity. Protein concentrates were essentially void of flatulence activity. 
xviii 
Amino acid profiles indicated that the bean flour proteins, albumins, and pro-
tein isolates contained high acidic amino acids, while globulins and protein concentrates 
were characterized by high proportions of hydrophobic amino acids. Sulfur containing 
amino acids and leucine were the first and second limiting amino acids in the Great Northern 
bean proteins. Heat treatment of the fractions improved the in vitro protein digestibility. 
Baking studies indicated that replacement of wheat flour by the bean flour and the 
protein concentrates for improved nutritionality of cookies and bread was possible without 
adversely affecting the sensory quality attributes. In cookie preparation, bean flour and 
protein concentrates could replace wheat flour up to 30 percent and 20 percent (by weight), 
respectively; the corresponding figures for the wheat flour replacement in breadmaking 
were 10 percent and 10 percent (by weight). Fermentation of the Great Northern bean-
rice blends suggested the potential for these beans in developing fennented foods. 
The beans contained 59.20 percent (on a dry weight basis) of starch. Starch granule 
size ranged from 12 X 12 Jl!TI to 58 X 40 Jl!TI (length X width) and the granule shape was 
round to oval to elliptical, and in certain cases, concave as well. Lamellae were present on 
all the starch granules observed. Amylose content of the starch was 10.20 percent (on 
starch basis). Stable gel formation by the bean starch was observed at concentrations of 7 
percent and above (w /v). The viscoamylographic studies of the isolated starch indicated 
the restricted swelling character of the bean starch. Solubility and swelling of the bean 
starch was both pH and temperature dependent. The addition of free fatty acids to the 
isolated starch reduced the viscosity and raised the gelatinization temperature of the bean 
starch. Modifications (acetylation and oxidation) of the isolated starch resulted in altered 
solubility and swelling characteristics. Replacement of wheat flour by the bean starch caused 
an increase in alkaline water retention capacity. 
ll1e bean contained an arabinogalactan type mucilage principle (arabinose:galactose 




Food legumes represent a diverse assemblage of the group of plants used as 
human food. They are nearly world-wide in distribution, and are consumed in practi-
cally every country of the world. About 20% of the protein currently available to 
man is derived from legumes, and they comprise nearly all of the dietary protein for as 
much as 50% of the populace in many developing countries. 
Among legumes, oil seeds (soybeans and peanuts) have received more attention 
as compared to dry bean seeds due to the economic importance of the former. In 
the U.S., the dry beans of Phaseolus vulgaris L. are an important food crop, both nu-
tritionally and economically. They are relatively inexpensive compared to several 
foods such as animal products and fresh fruits and vegetables, and provide reasonable 
quality proteins, carbohydrates, vitamins, minerals, and dietary fiber. 
Underutilization of dry beans can be attributed to the presence of several 
factors such as protease inhibitors, hemagglutinating activity, flatulence factors, phy-
tates, deficiency of sulfur containing amino acids in the proteins, tannins, and the 
bean y flavor. 
The Great Northern beans rank third among the top five cultivars of the beans 
of Phaseolus and are less studied than the remaining four cultivars (navy, pinto, 
kidney, and lima beans) among the top five. The present investigation was, therefore, 
undertaken to study the two major components (which account for more than 85% 
of the weight of beans), namely the proteins and carbohydrates, of the Great Northern 
beans. The findings are presented in two parts, namely: 1: Protein solubilization, 
fractionation, partial characterization; antinutritional and flatus factors; and protein 
quality, functionality, and application to selected food systems. II: Starch isolation, 
partial characterization, and functionality; and certain physicochemical properties of 
the mucilage principle of the Great Northern beans. 
PART I. SOLUBILIZATION, PARTIAL CHARACTERIZATION, AND 
FUNCTIONALITY OF THE GREAT NORTHERN BEAN PROTEINS 
2 
PART IA. SOLUBILIZATION AND ELECTROPHORETIC CHARACTER-
IZATION OF THE GREAT NORTHERN BEAN PROTEINS 
3 
INTRODUCTION 
The dietary importance of legume proteins is well recognized. The economic 
importance of legumes is significant. In the U.S., the dry bean, Phaseolus vulgaris L., 
4 
is an important food crop in view of both nutrition and economics. The western states 
contribute about 40% of the U.S. crop of dry beans, 30% of the processed beans, and 
all of the seeds of dry and green beans. The availability of food legumes on a global 
scale shows a wide range of 1.1 g/day/person in Denmark to 136.5 g/day/person in 
Burundi (Milner, 1973). Remarkably, in contrast to the Western European countries, 
dry bean consumption in the U.S. has remained at a fairly constant level of 8.5 g/day/ 
person over the past 70 years (Hellendoorn, 1979). Although legumes are rich protein 
sources (20-40% protein on a dry weight basis), their underutilization is evidenced, which 
can be attributed primarily to three factors; viz., (a) the presence of several antinutrients 
(trypsin, chymotrypsin, amylase inhibitors, lectins); (b) low protein quality (deficiency of 
sulfur containing amino acids); and (c) the presence of flatulence causing agents (oligo-
saccharides of the raffinose family; i.e., sta:::hycse, verbascose, and raffinose). 
Legume proteins are complex in nature, but the majority of proteins are 
globulins and albumins. Due to ease and rapidity of use, polyacrylamide gel electro-
phoresis has been a method of choice to study seed proteins. Numerous investigators 
employed electrophoretic techniques to study several legume progeins; e.g., Phaseolus 
(Derbyshire and Boulter 1976; Rubin and Cousins 1976; Padhye and Salunkhe 1977; 
Bellini and Chrispeels 1978; Romero and Ryan 1978). Due to uniformity, stability, 
and additive nature of seed protein profiles, electrophoresis of seed proteins has proved 
to be an important tool for taxonomic and evolutionary studies of legumes. Extraction 
procedures (Ladizinsky and Hymowitz, 1979); maturity (Robinson and Megarrity, 
1975); intrinsic changes in plant (chromosomal rearrangements, doubling of the 
chromosome numbers) (Nakai 1977) do not have significant effects on the conspicu-
ously species specific seed protein profile. 
The purpose of the present investigations was to study the solubility and 
electrophoretic behavior of proteins of Phaseo/us vulgaris L. cultivar, Great Northern. 
MATERIALS AND METIIODS 
Great Northern beans were purchased from Bean Growers' Warehouse, Filer, 
IJaho, and storeJ at 4°C until experiments were conducted. Beans were ground to 
20 mesh (bean flour) in a Fitz mill (The W. J. Fitzpatrick Company, Chicago, Illinois), 
and were employed throughout. 
01emicals 
The chemical sources were as follows. Acrylamide, N, N'-methylene-bisacryl-
amide, N, N, N', N'-tetramethylethylenediamine, Naphtol blue black (CI 204 70) was 
from Eastman Kodak Company, Rochester, New York; Urea (ultrapure), Sucrose 
(density gradient grade) was from Schwarz/Mann, Orangeburg, New York; Ampholine 
(pH 3.5-10) was from LKB, Stockholm, Sweden; Dio-Gel A 0.5 was from Bio-Rad 
Laboratories, Richmond, California; Tris hydroxymethyl aminomethane (Tris), enzyme 
grade, was from United States Biochemical Corporation, Cleveland, Ohio; Ribo-
nuclease A (MW 13, 700), Chymotrypsinogen A (MW 25,000), Ovalbumin (MW 45,000), 
and Aldolase (MW 158,000) as molecular weight markers, were from Pharmacia Fine 
Chemicals, Piscataway, New Jersey. All other chemicals were of reagent grade. 
Protein Fractionation and Determination 
Albumins, globulins, protein concentrates, and protein isolates were prepared 
from the bean flour by the process outlined in Figure 1. The bean flour to solvent 
ratio was I: I 0 (w /v) throughout. The protein contents of the bean flour, albumins, 
globulins, protein concentrates, and protein isolates were determined by the Kjeldahl 
method (N X 6.25). All the analyses were conducted in triplicate and means reported. 
Moisture Determination 
Moisture content of the bean flour, albumins, globulins, protein concentrates, 
and protein isolates was determined (in triplicate) by drying at 1IS°C for 6 h (until 
the sample reached constant weight) and means reported. 
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Figure I. Fractionation of the Great Northern bean proteins. 
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To 1 g of bean flour 25 ml of the respective extractant were added, mixed 
thoroughly, and allowed to stand at room (21 °C) temperature for 12 h (flasks covered 
wi h parafilm). The slurries were then centrifuged at 5000 X g for 45 min and pro-
tein contents of supernatants determined by Lowry's method (Lowry et al., 1951 ). 
The pH of each supernatant was also determined. 
Protein Solubility 
The bean flour (25 g) was extracted with 250 ml of 2% NaCl by blending for 
2 min (a Waring blendor at "HI" speed) followed by magnetic stirring (I h). The 
slurry was then centrifuged (1 0,000 X g, 30 min) and portions (10 ml) of supernatant 
were adjusted to the desired pH by 0. 1 N Hcl or 0. 1 N NaOH. The portions (pH 
adjusted) were magnetically stirred for an additional 15 min and centrifuged (1 0,000 
X g, 30 min). The absorbance of the supernatants was measured at 280 nm. 
Polyacrylamide Gel Electrophoresis 
SDS-PAGE was carried out according to the procedure of Weber and Osborn 
(1 S69) employing Ribonuclease A (MW 13,700), Chymotrypsinogen A (MW 25,000), 
Ovalbumin (MW 45,000), and Aldolase (MW 158,000) as molecular weight markers. 
l11e freeze-dehydrated samples (10 mg) were dissolved in 0.01 M sodium phosphate 
buffer (pH 7.0) containing 2% of each of SDS and beta-mercaptoethanol. Gels, 
11 X 0.5 em (length X diameter) (10% monomer concentration) were loaded with 
abcut I 00 microliters of sample (incubated at 50°C for 12 h, prior to electrophoresis) 
anc electrophoresis conducted for 10.5 h with a 6 rnA current per gel. Staining and 
destaining was accomplished respectively by naphthol blue black (Cl 204 70) and 10% 
acetic acid containing methanol (10: I v/v). Phosphate buffer (0.02 M, pH 7.2) 
sened as electrode buffer (for both cathode and anode). 
Phenol-acetic acid-mercaptoethanol-urea polyacrylamide gel electrophoresis 
(PAMU-PAGE) was conducted according to the procedure of Catsimpoolas et al. 
(1958). Electrophoresis was carried out for 8 h at 6 rnA per gel (II X 0.5 em, 
length X diameter). 
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Isoelectric focusing was performed according to the method of Llewellyn and 
Flaherty (1976). Gels (5% monomer concentration), II X 0.5 em (length X diameter) 
were employed. Freeze-dehydrated samples (I 0 mg) were dissolved in I 0 ml of dis-
tilled water 6 M in urea, 2% in beta-mercaptoethanol, and 5% in sucrose. Twenty-
five microliters of the samples were loaded on gels and electrophoresis conducted 
for 4 h during which a current of I rnA per gel was reduced to 0.28 rnA per gel. 
Gels were stained (2 h) with 0.2% bromophenol blue and destained in ethyl alcohol-
acetic acid-water (6: 1: 13 v/v/v). The pH gradient across the gel was constructed as 
follows. Five gels (blanks electrophoresed under the same conditions) were cut in 
1 em length sections and soaked in distilled water (2 rnl) for 24 h at room (21 °C) 
temperature and pH measured. Means were employed for construction of the pH 
gradient. 
Column Chromatography 
The bean flour (5 g), albumins I g), and globulins ( 1 g) were extracted in 20 
ml Tris buffer (0.02 M, pH 8.2) each, at room temperature (21 °C) for 2 h and 
centrifuged at 12,000 X g for 30 min (4°C) and supernatants applied on a column 
92 X 2.6 em, length X diameter) packed with Bio-Gel A 0.5 (range 10,000-500,000 
daltons). The eluent was 0.02 M Tris buffer (pH 8.2). A total of 140 fractions 
(1 00 drops, i.e., about 4. 7 ml each) was collected and absorbance read at 280 nm 
in a Gilford dual beam spectrophotometer (Gilford Instruments, Oberlin, Ohio). The 
fractions (corresponding to respective peaks} were pooled, dialyzed against distilled 
water for 24 hat 4°C, with four changes of distilled water, and freeze-dehydrated. 
The dry fractions were then electrophoresed (SDS-PAGE) for 5 h at 8 rnA current 
per gel (6 X 0.5 em, length X diameter). The samples were prepared by dissolving 
2-5 mg fractions in I ml of the sample solution and 50].11 applied on gels. 
8 
RESULTS AND DISCUSSION 
Protein and Moisture Analyses 
The proteins and moisture contents of the bean flour, albumins, globulins, pro-
tein concentrates, and protein isolates are represented in Table I. The protein content 
of the bean flour, albumins, globulins, protein concentrates, and protein isolates was 
26. 10, 81.68, 92.26, 85.44, and 92.43% (dry weight basis), respectively. Extractable 
albumins and globulins accounted for 21.80 and 73.40% of the total bean proteins, 
respectively. 
Table I. Proteins and moisture contents of Great Northern bean flour, albumins. 
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The protein solubility (proteins extractable by 2% NaCl) was minimum in the 
pH range of 4.2-4.4 (Figure 2). The protein solubility pattern indicated higher protein 
solubilization at alkaline pH compared to acid pH with a minimum at a pH of about 
4.4. Similar observations were reported by Fan and Sosulski (1974) and Thompson 
(1977). 
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Protein Solubilization 
Solubilization of the Great Northern bean proteins by different extractants is 
summarized in Tables 2-5. Extraction was performed only once (by the respective 
extractant), as the purpose was to determine the relative efficiency of the extractants 
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to solubilize the bean proteins. Data were grouped on the basis of type of solubilizing 
agents employed. Na2co3 (0.5%), K2so4 (5.0%), SDS (5.0%), and NaOH (0.02 N 
and 1 N) were found to be the most effective protein solubilizers amongst all the 
solubilizing agents employed (all of them solubilized 93.6 g of Lowry protein per 
100 g of Kjeldahl protein). Dimethyl formamide was the poorest protein solu bilizer 
among the solubilizing agents studied (82.50-92.50 mg of Lowry protein solubilized 
per I 00 g of Kjeldahl protein). These observations are con sis tent with those of 
Padhye and Salunkhe (1977). The differences in protein solubilizing capacity between 
and within the extractants. observed in the present investigation are not surprising. It 
is well known that the solubility of proteins is a function of several parameters includ-
ing type of proteins, proteins to solvent ratio, particle size of the bean flour, tempera-
ture and length of time of extraction, pH, ionic strength, type of solubilizer~ mechanical 
treatments during extraction, and others. Recently, Kazazis and Kalaissakis (1979) 
studied nitrogen extraction from vetch seeds (Vida sativa) by employing solutions 
of neutral and alkaline salts. They found that sodium hydroxide extracted most 
nitrogen (93.6%) at 0.01 molarity in 120 min at a flour-to-solvent ratio of 2% (w.v). 
They also reported that stirring was slightly more efficient than shaking. Nitrogen 
solubility ranged from 35.8% (by 0.01 M KH2Po4 at pH 6.2) to 83.8% (by 0.01 M 
NaOH at pH 8.8) at bean flour to solvent ratio of 6% (w/v) in their studies which in-
cluded distilled water, NaCI, Na2so4, Na2HP04 , KH2Po4, CaHP04.H20, NaOH, and 
Ca(OH)2. Wu and Sexson (1975) reported that particle size was increasingly important 
at higher pH values (pH 11.2) in the case of wheat proteins solubilization. Miers et al. 
(1977) observed similar dependence of protein solubilization on particle size in Cali-
fornia small white beans (Phaseolus vulgaris L.). Similar observations on several 
legumes including soybean (Glycine max), white lupine (Lupinus a/bus), small faba-
bean (Vicia faba minor), white pea bean (Phaseolus vulgaris), mung bean (Vigna 
radiata), field pea (Pisum sativum arvense), baby lima bean (Phaseolus /unatus), lentil 
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Table 2. Effects of salts and their concentrations on solubilization of Great 
Northern bean proteins. 
Salt % pH Solubilized protein 
mg/g bean flour 
NaCI 0.5 6.20 137.50 
1.0 6.20 122.50 
2.0 5.70 150.00 
5.0 5.90 157.50 
10.0 5.80 83.75 
Na2so4 0.5 6.30 145.00 
1.0 6.00 145.00 
2.0 5.95 161.25 
5.0 5.80 155.00 
10.0 6.00 145.00 
Na-acctate 0.5 6.50 117.50 
1.0 6.50 125.00 
2.0 6.70 121.25 
5.0 6.80 155.00 
10.0 7.00 136.25 
Na2co3 0.5 10.00 207.50 
1.0 10.10 185.00 
2.0 10.40 187.50 
5.0 10.60 185.00 
10.0 10.80 175.00 
KCl 0.5 6.75 127.50 
1.0 6.90 175.00 
2.0 6.35 175.00 
5.0 6.28 187.50 
10.0 6.20 170.00 
K2so4 0.5 5.92 168.75 
1.0 6.00 185.00 
2.0 6.20 197.50 
5.0 6.00 207.50 
10.0 6.10 177.50 
Table 3. Effects of phosphates and their concentrations on solubility of Great 
Northern bean proteins. 
Salt % pH Solubilized protein 
mg/ g bean flour 
Sodium dihydrogen 0.5 5.10 122.50 
phosphate 1.0 5.50 82.50 
2.0 5.20 158.75 
5.0 4.80 152.50 
10.0 4.58 175.00 
Sodium meta- 0.5 5.00 85.00 
phosphate 1.0 5.90 175.00 
2.0 5.70 175.00 
5.0 5.50 170.00 
10.0 5.30 135.00 
Tetrasodium pyro- 0.5 7.40 168.75 
phosphate 1.0 7.30 175.00 
2.0 8.00 175.00 
5.0 8.90 175.00 
10.0 8.80 175.00 
Sodium tripoly- 0.5 7.50 198.75 
phosphate 1.0 6.90 168.75 
2.0 7.05 165.00 
5.0 7.00 137.50 
10.0 7.00 155.00 
(Lens culinaris), and chickpea (Cicer arietinum) employing 0.02% NaOH for extraction 
purposes were reported by Fan and Sosuluski (1974). 
Padhye and Salunkhe ( 1977) observed that lower concentrations of poly-
phosphates solubilized more proteins than at higher concentrations in the case of 
black gram (Phaseolus mungo) proteins. Thompson et al. (1976) found 2% sodium 
hexametaphosphate level to be optimum for rapeseed protein solubilization. A com-
bination of NaCI with phosphates (in the form of buffer) has also been employed for 
solubilizing the globulins of pigeon pea (Cajanus cajan Mill sp.) by Gopalakrishna et 
a!. (1977). They reported 78% solubilization of proteins by employing 0.15 M phos-
phate buffer (pH 7.2) containing 10% NaCI at 4°C (bean flour to solvent ratio being 
5: 1) as solubilizing agent. In the present investigation, phosphates were found to be 
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Table 4. Effects of dissociating _agents and their concentrations on solubility of 
Great Northern bean proteins. 
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Salt % pH Solubilized protein 














































Table 5. Effects of alkali/acid and their concentrations on solubility of Great 
Northern bean proteins. 



















less effective in solubilizing the Great Northern bean proteins than Na2C03, NaOH, 
SDS, and K2so4 ; were comparable to NaCl and KCl; and were more efficient than 
Na-acetate, urea, and dimethyl formamide. Within the phosphates, sodium tripoly-
phosphate at 0.5% concentration registered maximum (198.75 mg/g bean flour) 
protein solubilization. Lower concentrations (1-2%) of phosphates favored more 
solubilization of the Great Northern bean proteins with the exception of sodium dihy-
drogen phosphate which solubilized 175 mg/g bean flour at 10% concentration. These 
observations are in close agreement to those reported by Padhye and Salunkhe (1977) 
and Thompson et al. ( 1976). 
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Although alkaline pH proved to be an effective solubilizer of the Great Northern 
bean proteins, the changes such as destruction of lysine and cystine, formation of 
lysino-alaninc, and racemization which may occur during extraction, may reduce the 
protein quality. Nashef et al. (1977) recently reported the effects of alkali on pro-
teins in a comprehensive manner. They found that the alkali treatment of proteins 
(10-5 M protein in 0.1 M NaOII at 50°C for 24 h) resulted in loss of lysine and 
cystine and also the formation of new amino acids such as lysinoalanine, ornitho-
alanine, beta-aminoalanine, lanthionine, and unknown amino acids through reactions 
between dehydroalanine and histidine and tryptophan . The mechanism of action of 
alkali involved beta elimination of the disulfides resulting in production of dehydro-
alanine which in turn reacted with epsilon-amino groups of lysine, sulfur of cystine, 
and nitrogen of ammonia, through its double bond leading to the formation of lysine-
alanine, lanthionine, and beta-aminoalanine, respectively. 
The solubility of proteins depends upon hydration. Legume proteins are 
difficult to solubilize due to two factors : (a) globular proteins are predominant in 
legumes, and (b) the hydrophobicity of globular proteins. Denaturation of globular 
proteins would theoretically increase the access to polar residues for hydration which 
in turn would result in better hydration (and then solubilization) of globular proteins. 
Perutz ( 1978) discussed denaturation of proteins by acid and alkali. He stated that 
the free energy of a spherical polyelectrolyte is proportional to the square of its net 
surface charge which implies that the stability of such molecule decreases on either side 
of its isoelectric point. Ionization of nonpolar groups that lie in the interior of the 
molecule by alkali or acid leads these groups to attract hydration shells which are 
misfits in the native structure, thus shifting the equilibrium towards the unfolded 
form. He further stressed that the electrostatic interactions (ionization of interior 
nonpolar groups) are more important in hydration of proteins than the surface charge. 
This may partially explain the improved protein solubilization obtained in the present 
investigation, at the alkaline pH. 
Polyacrylamide Gel Electrophoresis (PAGE) 
SDS-PAGE and PAMU-PAGE 
Electrophoresis of the bean flour, albumins, globulins, protein concentrates, 
and protein isolates in the SDS-PAGE system (Figure 3) brought about better resolu-
tion of protein subunits as compared to the PAMU-PAGE system (Figure 4). The 
SDS-PAGE electrophoresis revealed that the bean flour, albumins, globulins, protein 
concentrates, and protein isolates (solubilized by SDS, beta-mercaptoethanol, 
NaH2P04.H20, and Na2HP04. 7H20; solvent system) were composed of at least 22, 
14, 10, 14, and 11 subunits, respectively ; with corresponding apparent molecular 
weight ranges of 14,700-550,000, 14,000-554,000, 19,300-450,000, 19,500-432,000, 
and 19,400-460,000 daltons. 1l1e predominant subunits Uudged on the basis of band 
width) in bean flour, albumins, globulins, protein concentrates, and protein isolates, 
respectively, had apparent molecular weights of 294,000, 266,000, 123,000, 146,000, 
and 135,000 daltons. As expected, protein concentrates and protein isolates had 
similar subunit profiles, particularly in the lower apparent molecular weight ranges 
(135,000 daltons). The bean flour proteins and albumins were similar in terms of 
apparent molecular weight profiles in that both showed 50% subunits with apparent 
molecular weights greater than 100,000 daltons while globulins had three subunits 
with apparent molecular weights greater than 123,000 daltons. The significance of 
these observations is obscure at present, but may be of value to the plant breeders. 
Globulins were composed of 10 subunits, similar to the number of subunits reported 
by several workers in globulins of legumes including black gram (Padhye and Salunkhe 
1977) and pigeon pea ( Gopalak.rishna et al. 1977). The conspicuous presence of 
subunits with apparent molecular weights of about 20,000 and 40,000 daltons is 
16 
Figure 3. Electrophoretic separation (SDS-PAGE system) of the Great Northern 
bean proteins. (A = bean flour, B = albumins, C = globulins, D = protein 
concentrates, E = protein isolates.) 

Figure 4. Electrophoretic separation (PAMU-PAGE system) of the Great Northern 
bean proteins. (A= bean flour, B =albumins, C =globulins, D =protein concentrates, 
E =protein isolates.) 
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strikingly similar to the one reported in pea seeds (Thompson eta!. 1976). Advantages, 
limitations, and other pertinent aspects of SDS-PAGE for molecular weight determina-
tion of proteins had been discussed extensively by several investigators (Weber and 
Osborn 1969, 1975; Segrest and Jackson 1972; Reynolds and Tanford 1976; Lam-
bin 1978). 
Isoelectric Focusing 
The bean flour, albumins, globulins, protein concentrates, and protein iso-
lates consisted of 15, 13, 15, 16, and 11 subunits, respectively, with corresponding 
apparent isoelectric pH ranges of 5.90-8.50, 5.70-8.75, 5.90-8.90, 5.75-8.95, and 
5.80-9.30 (Figure 5). Difficulties were encountered in focusing albumins (diffused 
bands between apparent pi of 5. 70-6.20) and protein isolates (diffused bands between 
apparent pi ranges of 7.20-7.50 and 7.60-8.80). These diffused bands probably arose 
through aggregation of proteins induced by solvents employed for their solubilization. 
Bean flour proteins contained seven subunits in the apparent pi range of 5.90-7.00 
and eight subunits in the pi range of 7.40-8.50. Albumins had two clusters of six 
subunits each in the apparent pi ranges of 6.40-7.40 and 8.10-8. 75. Globulins 
registered a much more complex pattern consisting of two closely spaced triplets 
(apparent pi ranges, 6.55-6.75 and 7. 75-8.15) and a doublet (apparent pi range of 
6.90-6.95). Protein concentrates had eight subunits in apparent pi ranges of 5.75-
6.90 and 7.15-8.95, while protein isolates consisted of six subunits between 5.80-6.80 
and five subunits between 7.20-9.30 pH ranges. 
Column Chromatography 
The complexity of the Great Northern bean proteins was further evident when 
bean flour, albumins, and globulins were first separated by molecular sieve chroma-
tography followed by SDS-PAGE. The bean flour, albumins, and globulins had 5, 4, 
and 7 peaks (column chromatography), respectively. The SDS-PAGE of each of these 
fractions demonstrated several subunits in each. The bean flour proteins (Figure 6) 
had a total of 35 subunits (10, 7, 5, 5, and 8 subunits in fractions A through+, 
respectively), while albumins (Figure 7) consisted of 31 subunits (8, 6, 9, and 8 in 
fractions A through D, respectively), and globulins (Figure 8) of 35 subunits (5, 5, 3, 
Figure 5. Isoelectric focusing of the Great Northern bean proteins. (A = bean 
flour, B = albumins, C = globulins, D = protein concentrates, E = protein 
isolates.) (The graph demonstrates the construction of the pH gradient.) 
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Figure 6. SDS-PAGE of the bean flour proteins separated by molecular sieve 
chromatography (Bio-Gel A 0.5). (The proteins were eluted with 0.02 M Tris 
buffer (pi--18 .2). A total of 140 fractions (4.7 ml each) was collected. The 
gels A through E correspond to the pooled fractions under each peak. 
A= tube #35-50, B =tube #51-75, C =tube #76-80, D =tube #81-100, 
E = tube # 1 0 1-13 5.) 
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Figure 7. SDS-PAGE of the albumins separated by molecular sieve chromatography 
(Bio-Gel A 0.5). (The proteins were eluted with 0.02 M Tris buffer (pH 8.2). A 
Total of 140 fractions ( 4. 7 ml each) was collected. The gels A through D 
correspond to the pooled fractions under each peak. A= tube #43-55, 
B =tube #56-68 , C =tube #69-85 , D =tube #86-100.) 
'} 
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Figure 8. SDS-PAGE of the globulins separated by molecular sieve ch romatography 
(Bio-Gel A 0.5). (The proteins were eluted with Tris buffer (p i! 8.2). A total of 
140 fractions (4.7 ml each) was collected. The gels A through c; (() rrespond to the 
pooled fractions under each peak. A= tube #37-56, B =tube ' 7-67, C =tube 
#68-72, D =tube #73-81 , E =tube #82-91, F =tube # 92- F . · =tube# 105-111.) 
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2, 5, 9, and 6 subunits in fractions A through G, respectively. The combined total 
of albumins and globulins subunits (66) was approximately two times that of the 
subunits (35) in the bean flour proteins. This suggests that when albumins and 





Protein content of dry beans (Phaseolus vulgaris L.) cultivar, Great Northern, 
was 26.10% (dry weight basis). The isoelectric pH of the NaCI extractable proteins 
was about 4.4. Several salts, NaOH, and HCl were employed to solubilize the Great 
Northern bean proteins. Among all the protein solubilizing agents, Na2co3, 
K2S04, sodium dodecyl sulfate (SDS), and NaOH at respective concentrations of 
0.5, 5, 5% (all w/v), and 0.02 N were found to be better protein solubilizers than the 
rest, solubilizing 93.6 g of Lowry protein per 100 g of Kjeldahl protein. Albumins 
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and globulins accounted for 21. I 8 and 73.40%, respectively, of the total bean proteins. 
Protein content of albumins, globulins, protein concentrates, and protein isolates was 
81.68, 92.26, 85.44, and 92.43% (dry weight basis), respectively. Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of the bean flour, albumins, 
globulins, protein concentrates, and protein isolates revealed the presence of 22, 14, 
10, 14, and 11 subunits, respectively. The bean flour, albumins, globulins, protein 
concentrates, and protein isolates were characterized by the predominance of subunits 
with apparent molecular weights of 294,000, 266,000, 123,000, 146,000, and 135,000 
daltons, respectively. Isoelectric focusing of the bean flour, albumins, globulins, pro-
tein concentrates, and protein isolates indicated 15, 13, 15, 16, and 11 subunits, 
respectively. Molecular sieve chromatography of the bean flour proteins, albumins, 
and globulins followed by SDS-PAGE was also employed to study the complexities of 
these proteins. 
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PART lB. HYDRODYNAMIC PROPERTIES OF THE GREAT 
NORTHERN BEAN PROTEINS 
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INTRODUCTION 
In the U.S., the beans of Phaseolus vulgaris are an important food crop, both 
nutritionally and economically. Great Northern beans (Phaseolus vulgaris L.) rank 
third in production among the five major bean cultivars in the U.S. (Chang and 
Satterlee 1979). 
Numerous researchers have reported the preparation and functional properties 
of protein concentrates and protein isolates (Satterlee et al. 197 5; Vananuvat and 
Kinsella 1975; Hutton and Campbell 1977; Ramanatham et al. 1978; Zakaria and 
McFeeters 1978; Gwiazda et al. 1979; Burgess and Kelly 1979) from plant, animal, 
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and microbial sources. Such efforts are often aimed at effective utilization of inex-
pensive proteins for nutritional and functional purposes. Precision in defining "func-
tionality" appears to be lacking (Martinez 1979; Hermansson 1979). Ex cell en t reviews 
on functional properties of proteins have appeared (van Kleef et al. 1979; Schroder 
1979; Chou and Morr 1979; Craig 1979) elucidating several parameters affecting the 
functional properties of proteins. Hydration of proteins is vital for several of the 
functional properties of proteins such as emulsion capacity, foaming, viscosity, and 
gelation. Carbohydrates deserve consideration while evaluating functional properties 
of proteins (Kinsella 1979) as they are known to be important for functionality. 
Recently, Susheelamma and Rao (1979) reported the role of arabinogalactan (a poly-
saccharide) of black gram (Phaseolus mungo) in the texture of leavened foods 
(steamed puddings). 
In Part IA we discussed the solubiHzation and electrophoretic characterization 
of the Great Northern bean proteins. In this part, results of the studies of certain 
functional properties of these bean proteins are reported. 
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MATERIALS AND METHODS 
TI1e source of beans, protein fractionation and composition were described in 
Part IA. These same fractions were used in this study. All the analyses were performed 
in triplicate and means reported . All the chemicals were of reagent grade (unless 
mentioned otherwise). 
Scanning Electron Microscopy 
The bean flour and the freeze dehydrated albumins, globulins, protein con-
centrates, and protein isolates were prepared for scanning electron microscopic ob-
servations as follows. The appropriate dry sample was sprinkled on an aluminum stub 
(with double-stick tape on it) and was coated with gold-palladium alloy completely 
in a Polaron E 5000 Sputter Coater (U.K.). TI1e specimens were then observed and 
photographed in an AMR I OOOB Scanning Electron Microscope (Cambridge, Maryland, 
U.S.A.) at an accelerating voltage of 20 KV and suitable magnification. 
Viscosity 
TI1e appropriate sample was dispersed in distilled water and magnetically 
stirred for 2 h at room temperature (21 °C) prior to viscosity measurements. Each 
sample was prepared at concentrations of 1, 2, 3, 4, 5, 7, and 10% (w/v) and viscosity 
measured at room temperature (21 °C) employing an Ostwald type viscometer 
(Sargent-Welch Scientific Co., U.S.A.; size No. 200, approximate constant = 0. 1 
centistokes/s). All measurements were performed in triplicate and means (relative to 
distilled water) were reported. 
Gelation 
The method of Coffmann and Garcia (1977) was employed with slight modifi-
cations. Appropriate sample suspensions of 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20% 
(w/v) were prepared in 5 m1 distilled water. The test tubes containing these sus-
pensions were then heated for 1 h in a boiling water bath followed by rapid cooling 
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under running cold tap water. The test tubes were then further cooled for 2 h at 4°C. 
The least gelation concentration was determined as that concentration when the sample 
from the inverted test tube did not fall down or slip. 
Oil and Water Absorption 
For oil (Crisco vegetable cooking oil, Procter and Gamble, Cincinnati, Ohio) 
and water absorption determinations, the method of Beuchat (1977) was followed. One 
g of the sample was mixed with 10 ml of distilled water or oil for 30 seconds in a 
mixer (Vari-Whirl, mixing control-"fast"). The samples were then allowed to stand 
at room temperature (21 °C) for 30 min, centrifuged at 5000 X g for 30 min, and 
volume of the supernatant noted in a 10 ml graduated cylinder. Density of water 
was assumed to be I g/ml and that of oil was determined to be 0.88 g/ml. Results 
were expressed on a dry weight basis. 
Emulsion Capacity and Stability 
Emulsions were prepared according to the method by Beuchat (1977). A 
sample (2 g) was blended in a Waring Blendor with 100 ml of distiiled water for 30 s 
at "HI" speed. Oil was added in 5 ml portions continuing blending. The drop in con-
sistency (from a maximum) JUdged by decrease in resistance to blending (subjectively) 
was considered to be the point of discontinuation of oil addition. The amount of oil 
added up to this point was interpreted as the emulsifying capacity of the sample. The 
emulsion so prepared was then allowed to stand in a graduated cylinder and the 
volume of water separated at time intervals of 10, 20, 35, 60, 100, 120, 140, 160, 
180, 200, and 780 h was noted in each case, to study the emulsion stability. All the 
experiments were conducted at room temperature (21 °C). 
Foaming Capacity and Stability 
Foaming capacity and stability of the samples was studied according to the 
method of Coffmann and Garcia (1977). One g of sample was whipped with 100 ml 
of distilled water for 5 min in a Waring Blendor at speed setting "HI" and was poured 
into a 250 ml cylinder and the total volume at time intervals of 0.0, 0.5, 1.0, 1.5, 
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2.0, 2.5, 3.0, 8.0, and 36 h was noted. Distilled water was employed as the liquid for 
dispersing the sample. Specific volume and volume increase (%) were calculated accord-
ing to the following equations. 
Specific volume= ~o_!_~~e_af_!_e~ WE~E_p~g_(IE_l)_ 
We1ght after wh1ppmg (g) 
Volume increase(%)= _(_V~l~m~ ~f~r_w~ii2P~lL- ~~u~~ b~f~r~ ~p~n~)jr~J) 
Volume before whipping (ml) 
Egg albumin (Fisher Scientific Company, Fairlawn, New Jersey) powder was employed 
as a reference standard. All the experiments were conducted at room temperature 
(21 °C). 
To study the effect of concentration on foamability, 1, 2, 3 , 4, 5, 7, and 10% 
(w/v) aqueous suspensions were whipped identically as described above and the final 
volume was noted in each case in a 250 ml cylinder. 
RESULTS AND DISCUSSION 
Scanning Electron Microscopy 
The scanning electron microscopic observations (Figures 9-13) indicated that 
albumins had rod-like structures with relatively smooth surface topography, while 
globulins consisted of different shapes and sizes with relatively rougher surfaces than 
albumins. Protein concentrates and protein isolates, as expected, consisted of both 
albumins and globulins, and hence possessed characteristics of both. 
Viscosity 
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Results of the viscosity measurements are presented in Table 6. As can be 
seen from this table, viscosity appeared to be a function of not only the solids con-
centration but also of the type of proteins. Albumins registered comparable viscosity 
to that of globulins at corresponding concentrations. Protein concentrates and protein 
isolates had comparable viscosities at corresponding concentrations. Protein concen-
trates and isolates, however, were more viscous than both the albumins and globulins 
at a particular concentration, suggesting that when albumins and globulins were to-
gether, they behaved in a different manner than when they were separate. These data 
further support our earlier observations on electrophoretic mobility and column 
chromatographic behavior of the Great Northern bean proteins (Part lA). 
Gelation 
The least gelation concentrations for the bean flour, albumins, protein con-
centrates, and protein isolates were 10, 18, 8, and 12% (all w/v), respectively. Globulins · 
did not form firm gel up to 20% (w/v) concentration range. These results further 
suggest that gelation is not only the function of quantity of protein but also the type 
of protein(s) and the non-protein component(s) as well. 
Figure 9. Scanning electron photomicrograph of the Great Northern bean flour 
(2,000 X). 
Figure I 0. Scanning electron photomicrograph of the Great Northern bean albumins 
(2,000 X). 

Figure 11. Scanning electron photomicrograph of the Great Northern bean globulins 
(5,000 X). 
Figure 12. Scanning electron photomicrograph of the Great Northern bean protein 
concentrates (5,000 X). 
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Figure 13. Scanning electron photomicrograph of the Great Northern bean prot~ in 
isolates (5,000 X). 
Oil and Water Absorption 
Results of the oil and water absorption are embodied in Table 7. Protein 
concentrates registered the highest oil and water absorption (5. 93 and 4.12 g/g, 
respectively) among all the samples studied. The bean flour had the lowest oil and 
water absorption (1.67 and 1.0 g/g, respectively). Sosulski and Fleming (1977) re-
ported water absorption by soybean flour, soybean concentrate, sunflower flour, and 
sunflower concentrate to be 2.4, 3.6, 1.8, and 3.9 g/g. Water absorption by the 
Great Northern bean flour observed in the present investigation was lower than those 
by soybean and sunflower flour reported by Sosulski and Fleming ( 1977). However, 
water absorption by the Great Northern bean protein concentrates noted in the present 
investigation (5.93 g/g) was higher than that by soybean and sunflower protein con-
centrates (Sosulski and Fleming 1977); succinylated peanut flour (Beuchat 1977); 
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aMean of triplicate analyses. 
bRelative viscosity (relative to distilled water) at room temperature (21 °C). The time 
required for water or sample dispersion to traverse the fixed distance between the two 
marks on the viscometer was measured. 
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sunflower protein concentrate (control, succinylated, and acetylated) (Canella et al. 
1979); and soyflour, soy concentrate, and soy isolate (Lin et al. 1974). 
It is known that the water binding by proteins is a function of several para-
meters including size, shape, conformational characteristics, steric factors, hydrophilic-
hydrophobic balance of amino acids in the protein molecule, lipids and carbohydrates 
associated with the proteins, thermodynamic properties of the system (energy of bond-
ing, interfacial tension, etc.), physicochemical environment (pH, ionic strength, vapor 
pressure, temperature, presence/absence of surfactants, etc.), solubility of the protein 
molecules, and others (Chou and Morr 1979). However, polar amino groups of pro-
tein molecules are the primary sites of protein-water interactions. Cationic, anionic, 
and nonionic sites bind different amounts of water (Kuntz 1971). Amino acid 
analyses (unpublished date) of the Great Northern bean flour, albumins, globulins, 
protein concentrates, and protein isolates showed that the uncharged polar amino 
acid residues were 195.57, 202.73, 202.97, 248.14, and 180.86 mg/g protein, re-
spectively, which may explain partially the water absorption by the bean flour and 
protein concentrates. The difference in water absorption by albumins and globulins 
(3.18 and 2. 77 g/g dry sample, respectively), although they had the same number of 
uncharged polar residues, may have been due to the concentration and possibly the 
conformational characteristics of these proteins. Water absorption by the protein 
isolates and the globulins (2. 73 and 2. 77 g/g dry sample, respectively) was comparable. 
Oil absorption trends were similar to those for water absorption. Protein con-
centrates registered the highest oil absorption (4.12 g/g dry sample) among all the 
samples studied, and was higher than the corn oil absorption by the soybean protein 
concentrates and isolates reported by Lin et al. (1974 ). 
Emulsion Capacity and Stability 
Emulsion capacity of the Great Northern bean flour, albumins, globulins, pro-
tein concentrates, and protein isolates was, respectively, 39.6, 63.8, 44.0, 72.6, and 
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63.8 g oil/g dry sample (Table 8). Satterlee et al. (1975) studied the emulsion capacity 
of the Great Northern bean proteins and found the emulsion capacities of the bean pro-
tein concentrates, albumins, and globulins to be I 3}, 204, and I I 3 ml oil emulsified/g 
dry sample. They also found that globulin emulsion was more stable than the albumin 
emulsion. The present investigations indicated that the albumins were better emulsifiers 
than globulins in relation to both capacity and stability. Albumins registered the 
highest emulsion stability (5 ml phase separation after 780 h standing at a room tem-
perature of 2 I °C) ; protein concentrates, however, had the highest emulsion capacity 
among all the samples investigated. The differences observed in the emulsion behavior 
in the present studies and those of Satterlee et al. (1975) may have been predomi-
nantly due to the methods of preparation of the protein fractions. 
Foaming 
The foaming capacity of the albumins was the highest, while that of the pro-
tein isolates was the lowest among the samples studied (Table 9). Protein concentrates 
performed better than egg albumin powder in foamability and globulins were compar-
able to the egg albumin powder. However, none of the samples studied equaled egg 
albumins in foam stability. The foaming ability of the Great Northern bean proteins 
was, therefore, rated as fair. 
Foamability of the Great Northern bean proteins was concentration dependent 
(Figure 14 ). All the samples registered increasing foamability with the increase in 
concentration of solids, reaching maximum at the concentration of 10% (w/v) solids 
concentration. 
Table 8. Emulsion capacity and stability of the Great Northern bean proteins. 
Sample Oil Initial Volume of water separated (ml) at room temperature (21 °C) 
emulsified volume of after time (h} 
g/g emulsion 10 20 35 60 100 120 140 160 180 
ml 
Bean flour 39.6 208 104 104 116 120 120 120 120 120 120 
Albumins 63.8 230 0 0 0 0 trace trace 1 1 1 
Globulins 44.0 218 26 30 32 32 32 32 32 32 32 
Protein 
concentrates 72.6 270 0 0 0 0 0 trace 1 1 1 
Protein 















Table 9. Foaming capacity and stability of the Great Northern bean proteins. 
Sample Weight Volume Volume Specific Volume (ml) at room temperature (2 I °C) 
after after increase volume after time (h} whipping whipping % ml/g 0.5 1.0 1.5 2.0 2.5 3.0 8.0 36.0 g ml 
Egg albumin 91.50 140 40 1.53 140 135 130 125 125 125 125 115 
Bean flour 99.80 132 32 1.32 132 128 110 106 104 102 100 100 
Albumins 98.98 180 80 1.82 170 164 160 156 154 150 114 100 
Globulins 96.44 140 40 1.45 130 126 120 118 116 114 104 100 
Protein 
concentrates 99.67 164 64 1.65 150 122 107 104 104 102 100 100 
Protein 
isolates 98.27 106 6 1.10 100 100 100 100 100 100 100 100 
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SUMMARY 
Functional properties of the Great Northern bean (Phaseolus vulgaris L.) 
flour, albumins, globulins, protein concentrates, and protein isolates were investigated. 
Protein concentrates had the highest water and oil absorption capacity (5. 93 and 4.12 
g/g, respectively) among all the samples studied. Protein concentrates registered the 
highest emulsion capacity (72.6 g oil emulsified/g), while albumins had the highest 
emulsion stability (less than 5 ml separation of phase in 780 h at room temperature 
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of 21 °C). Foaming ability of the Great Northern bean proteins was fair. Foamability 
of the proteins was concentration dependent. 
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Among the most important aspects of vegetable proteins are their functional 
properties. These functional properties of vegetable proteins ultimately decide their 
application and acceptance in different food systems (Hermansson 1979). The handling 
of these protein ingredients necessitates knowledge of their functional properties a 
priori. Often, combinations of several data arc necessary for the optimal application 
of proteins in food systems. It has been observed that the pattern of data, rather 
than individual measurements, contributes useful information on functionality (Tor-
gersen and Toledo 1977; Hermansson 1979). 
Functionality of inexpensive proteins has been studied extensively, including 
soybean, peanut, field pea, and pecan flours (McWatters and Cherry 1977); whey 
protein concentrate, peanut flour, single cell protein, and chicken meat protein (Tor-
gersen and Toledo 1977); waste proteins from slaughter plant (Perera and Anglemier 
1980); soy protein (Aoki et al. 1980); soy, cottonseed, and peanut protein isolates 
produced by industrial membrane systems (Manak et al. 1980); chicken blood plasma 
proteins (Del Rio De Reys et al. 1980); protein concentrates from distiller's grains 
(Satterlee et al. 1976) ; and dry beans (Coffmann and Garcia 1977; Satterlee et al. 
1975). However, only a few studies report observations on functional properties other 
than emulsification, foaming, viscosity, gelation, and food applications for nutritional 
improvement. Knowledge of parameters such as equilibrium moixture content 
(Iglesias eta!. 1980; McCurdy et al. 1980) and mechanical properties (Moreyra and 
Peleg 1980) is also helpful in handling, storage, and application of food ingredients. 
Functionality of proteins is dependent on several parameters such as source, 
processing and application conditions, and others (McWatters and Cherry 1977; 
Hermansson 1979). Conceivably, proteins from a particular source will have certain 
potential with reference to functionality. Depending upon the desired application of 
plant proteins, improvement in functionality is often sought (Canella et al. 1979). 
One of the promising ways to modify proteins is chemical modification (Meyer and 
Williams 1977). Several investigators have studied the functional properties of proteins 
as affected by intentional (Beuchat 1977; Ochiai-Yanagi eta!. 1978; Canella eta!. 
1979; Aoki et al. 1980) or unintentional (Conkerton et al. 1980) modifications. 
48 
In Part IA and IB we examined the solubility and electrophoretic characteristics, 
and certain hydrodynamic properties, respectively, of the Great Northern bean proteins. 
In this section, certain physicochemical properties of these bean proteins are discussed. 
MATERIALS AND METHODS 
Protein con tent and the source of all-purpose wheat flour are reported in Part 
IF. Unless mentioned otherwise, all the chemicals were of reagent grade. Except 
for the buffer capacity determinations and ultraviolet spectra, all the analyses were 
performed in triplicate and means reported. 
Modification of Proteins 
Succinylation of proteins was accomplished at room temperature (21 °C) by 
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the method of Beuchat (1977). Ten percent dispersions (w/v) of the Great Northern 
bean flour, albumins, globulins, protein concentrates, and protein isolates were pre-
pared in distilled water and the pH of the slurry was adjusted to 7. 7 with 0.1 N NaOH. 
Succinic anhydride was added to these dispersions slowly (over a period of about 1 h) 
at levels of 50 and 100% of the weight of protein in the suspension. The reaction 
was allowed to proceed for an additional 2 h. Throughout, pH was monitored at 
7. 7 ± 0.3 and magnetic stirring provided. At the end of the reaction, the slurries 
were dialyzed against distilled water at 4°C for 48 h, with six changes of distilled 
water and freeze-dehydrated. 
For oxidation, dispersions (1 0%, w /v) of the bean flour, albumins, globulins, 
protein concentrates, and protein isolates were prepared, pH adjusted to 2.5 with 
perchloric acid, and hydrogen peroxide (30%, w/v) solution was added to the dis-
persions over a period of 1 h at room temperature (21 °C) at levels of 50 and 100% 
of the weight of protein in the suspension. Throughout, the pH of slurry was mon-
itored at 2.5 ± 0.3. The reaction was allowed to proceed 2 h after addition of the 
hydrogen peroxide. The slurries were then dialyzed against distilled water at 4°C 
for 48 h with six changes of distilled water, and lyophilized. 
Water Adsorption 
Equilibrium moisture content (EMC) of the bean flour, albumins, globulins, 
protein concentrates, and protein isolates at different equilibrium relative humidities 
at 4, 2 J, and 38°C were determined using a method similar to that reported by Kilara 
et al. (1972). Equilibrium relative humidities of 33, 45, 67, 79, and 96% were main-
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tained in desiccators containing magnesium chloride, potassium carbonate, cupric 
chloride, ammonium sulfate, and potassium sulfate, respectively, as described by Rock-
land (1960). About 0.2 g sample was used for each replica in an aluminum cup. 
After about 7-10 days of equilibration in the closed desiccator, moisture content of 
the sample was determined by the Association of Official Analytical Chemists 
(A.O.A.C.) (1975) method and the EMC was reported on a dry weight basis. 
Buffer Capacity 
Buffer capacity was determined by the procedure described by Coffman and 
Garcia ( 1977). The sample was dispersed in 100 ml of distilled water to form a 
0.5% protein concentration (w/v), initial pH recorded, and the dispersion titrated to 
a desired pH with 0. I N HCl or 0.1 N NaOH. Buffer capacities were determined over 
a pH range of 3-10. Buffer capacity was calculated as follows: 
B fr · · _ rug titrant u ter capactty - weight of protein (g) X t,pH 
Color 
Color measurements were performed employing a Hunter Color and Color 
Difference Meter (Model D25D2 A) with a reference standard number C2-2785 
(L = 78.6, a= -1.5, and b = 21.1) and were expressed in terms of L, a, and b, where 
L = lightness; a = red when positive, gray when zero, and green when negative; and 
b = yellow when positive, gray when zero, and blue when negative. 
Water and Oil Absorption 
Water and oil absorption were determined as described earlier (Part IB) with 
slight modification, in that about 250 rug (accurately weighed) sample was used. The 
results were expressed on per g dry sample. 
Polyacrylamide Gel Electrophoresis 
Protein samples were electrophoresed on two different electrophoretic systems, 
viz. phenol-acetic acid-beta mercaptoethanol-urea polyacrylamide gel electrophoresis 
(P AMU-PAGE) and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). 
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PAMU-PAGE: A 10 mg sample was dissolved in 1 ml of solvent for 12 hat 
room temperature (21 °C), centrifuged at 5,000 X g for I 5 min, and 50-100 ~~ of the 
supernatant were electrophoresed according to the procedure of Catsimpoolas et al. 
(1968). Electrophoresis was conducted for 4.5 h (0.5 X 4.5 em gels, 7.5% monomer 
concentration) with 2.5 rnA current per gel. Staining and destaining were accomplished 
by Amido black (3 h at room temperature of 21 °C) and 10% (w/v) acetic acid, re-
spectively. 
SDS-PAGE: The method of Weber and Osborn (1969) was followed. Ten mg of 
sample was dissolved in 1 ml of solvent for 12 h at room temperature (21 °C), centri-
fuged at 5000 X g for 15 min, and SQ-100 ~I of the supernatant was loaded on gels 
(0.5 X 4.5 em gels, 10% monomer concentration). Electrophoresis was conducted for 
4.5 h with 2.5 rnA current per gel. The gels were stained with Amido black for 3 h 
and destained with 10% (v/v) acetic acid at room temperature (21 °C). 
Ultraviolet Spectra 
The modified proteins and the corresponding controls were scanned over a 
220-340 nm range in a Gilford Dual Beam Spectrophotometer (Model No. 240, 
Oberlin, Ohio). About 100 mg (accurately weighed) sample was dissolved in 10 ml of 
0. 1 N NaOH for 12 h at room temperature (21 °C) with occasional shaking, centri-
fuged at 5000 X g for 15 min and aliquots of the supernatants employed for the 
spectrophotometric scanning. The operating conditions for the spectrophotometer 
were as follows: slit width = 0.185 mm, chart speed = 1 in/min, scan rate = 30 nm/ 
min, at room temperature (21 °C). 
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Dialectric Property 
A high voltage DC power supply unit (Universal Voltronics Corp. , White Plains, 
New York; Model No. BAM 22-55) was used. A sample cell (4 X 5 em) was prepared 
and connected to the power supply unit. The sample was packed in the sample cell 
with a thickness of about l-2 mm and the voltage was gradually increased until 
current passed through the sample (indicated by the abrupt throw of the needle). 
Voltage corresponding to the first passage of current was reported as breakdown voltage/ 
mm thickness of the sample. All the samples were dried to a moisture content of about 
2-3% prior to conduction of this experiment. 
Adhesive Property 
The bean flour, albumins, globulins, protein concentrates, and protein isolates were 
evaluated for their adhesive property (all the unmodified samples). Two g of sample were 
moistened with a minimum amount of 1 N NaOH (2, 4, 4, 5, and 5 ml, respectively, for 
the bean flour, albumins, globulins, protein concentrates, and protein isolates) to obtain 
a smooth paste. This paste was then applied uniformly (manually) on a surface area of 
19 em 2 (1 0.0 X 1.9 em) of a stainless steel plate. An identical plate (attached to the load-
ing cell of the instrument) was brought in contact with a load of 200 N, with the sample, 
held together for 30 s, and the plates were separated with a uniform pull. The force 
needed to separate the plates was interpreted as adhesive strength. The operating condi-
tions were as follows : 
Machine= Tensile Testing Machine (Type T5002), J. J. Lloyed Instruments Ltd., South-
ampton, England. 
Temperature= 21 °C. 
Paper/Crosshead Ratio= 1/1. 
Load Cell Setting (maximum)= 200 N. 
Loading Rate (crosshead movement)= 4 mm/min. 
Full Scale Deflection of Recording Pen= 250 mm. 
RESULTS AND DISCUSSION 
Water Adsorption 
The water adsorption capacity of the bean flour, albumins, globulins, protein 
concentrates, and protein isolates is shown in Figure 15. The sorption isotherms indi-
cated similar patterns for all the samples, in that adsorption was higher at lower tem-
perature, maximum adsorption at lowest temperature (4°C), and minimum adsorption 
at highest temperature (38°C). This was expected, as equilibrium moisture content 
is not only a function of adsorption, but desorption as well. The rates of adsorption 
and desorption, in turn, are functions of temperature. The rate of desorption is 
higher at higher temperatures compared to that at low temperatures. Labuza (1968) 
discussed the sorption phenomena in foods and stated that "if isotherms are made at 
several temperatures, they should show a decrease in the amount adsorbed with an 
increase in temperature at constant activity." Our findings concur with these observa-
tions. It was also observed in the present investigation that at any particular tempera-
ture and constant equilibrium relative humidity, EMC of the albumins, globulins, pro-
tein concentrates, and protein isolates was comparable suggesting that the EMC was 
predominantly dependent on proteins. The corresponding EMC values for the bean 
flour were higher, however, which could be due to the contribution of carbohydrates 
present in it. Kilara et al. (1972) reported similar observations on sunflower meal. 
They found that sunflower meal adsorbed more moisture than soy protein isolate 
(Supro-61 0) under similar environmental conditions. High water sorption at higher 
equilibrium relative humidities ( > 60%) may be due primarily to condensation 
phenomena. Similar observations have been reported by Kilara et al. (1972), Caurie 
(1971 ), and Beuchat (1977). 
Buffer Capacity 
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The buffer capacity detenninations of the bean flour, albumins, globulins, pro-
tein concentrates, and protein isolates indicated similar patterns, in that all samples had 
high buffer capacity at pH below 4 and above 8. The buffer capacity in the pH range 
Figure 15. Moisture sorption isotherms for the Great Northern bean flour, albumins, globulins, protein concentrates, 
and protein isolates. 
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4-8 was modest (less than 30 for the bean flour, and less than 10 for the rest of the 
samples). Modifications (succinylation and oxidation of the proteins did not change 
this situation. All the samples registered higher buffer capacity in the pH range of 
3.0-3.5 than in any other pH range. Canella et al. (1979) reported similar trends in 
the buffer capacity of mung bean protein isolate. 
Color 
Color of the modified and corresponding controls was evaluated in terms of 
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L, a, and b values (Table I 0). In general, modifications (both succinylation and 
oxidation) tended to decrease the yellowness and lightness and increase the redness. 
The values for L, a, and b for a particular set of samples (modified compared to the 
corresponding control) did not differ markedly, however. The reddening effect in-
duced through modifications was probably due to nonenzymatic browning. Succinyla-
tion of peanut flour has been reported to cause similar darkening effects (Beuchat 
1977). 
Water and Oil Absorption 
1l1e results of water and oil absorption by the modified and corresponding 
controls are summarized in Table 11. Water absorption by the bean flour and protein 
isolates increased on both succinylation and oxidation. Succinylation of albumins 
caused a slight increase in water absorption, while oxidation reduced their water ab-
sorption capacity. In the case of globulins and protein concentrates, however, water 
absorption was reduced by both succinylation and oxidation. Oil absorption capacity, 
on the other hand, improved in all the modified proteins (the bean flour, albumins, 
globulins, protein concentrates, and protein isolates). Beuchat (1977) reported increased 
water absorption by peanut flour on succinylation, while Canella et al. ( 1979) reported 
a slight decrease in water absorption by the succinylated sunflower protein. Our ob-
servations of increased water absorption on succinylation of the bean flour, albumins, 
and protein isolates were in agreement with theirs. The decreased water absorption by 
succinylated and oxidized globulins and protein concentrates, and oxidized albumins, 
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Table 10. Hunter Color and Color Difference Meter values for the Great Northern 
bean proteins. a 
SampJeb Hunter Color Value 
L -a b 
Bean flour (control) 84.8 3.2 9.8 
Succinylated 
50% 83.3 2.1 9.2 100% 82.5 2.1 9.4 
Oxidized 
50% 83.9 1.8 9.5 100% 84.5 2.0 8.7 
Albumins (control) 83.7 3.0 10.8 
Succinylated 
50% 77.2 2.2 11.7 100% 78.9 2.3 11.2 
Oxidized 
50% 79.6 2.0 10.6 100% 80.3 2.1 10.3 
Globulins (control) 82.9 2.4 11.2 
Succinylated 
50% 76.9 1.0 10.9 100% 75.8 0.2 10.4 
Oxidized 
50% 75.2 0.6 10.0 100% 69.7 1.4 10.7 
Protein concentrates (control) 82.9 2.5 10.8 
Succinylated 
50% 79.6 2.5 11.1 100% 80.5 2.4 10.9 
Oxidized 
50% 80.5 2.1 10.5 100% 82.8 1.9 9.3 
Protein isolates (control) 81.4 2.3 14.1 
Succinylated 
50% 79.6 2.0 12.0 100% 80.3 2.1 I 1.3 
Oxidized 
50% 81.9 1.8 11.3 100% 83.0 1.9 10.6 
aMean of triplicate determinations. 
bThe percentages indicate amounts of modifying agent (w/w, protein basis) employed during modification. 
Table 11. Effects of succinylation and oxidation on water and oil absorption capacity 
of the Great Northern bean proteins. a 
Sampleb Water absorbed Oil absorbed 
gfg gfg 
Bean flour (control)c 1.67 1.00 
Succinylated 
50% 4.00 6.22 100% 4.00 6.34 
Oxidized 
50% 4.00 5.98 100% 4.00 5.98 
Albumins (control)c 3.18 3.29 
Succinylated 
50% 3.60 8.80 
100% 3.60 9.50 
Oxidized 
50% 2.40 9.86 100% 2.40 7.74 
Globulins ( control)c 2.77 3.23 
Succinylated 
50% 0.80 II. 73 100% 2.00 10.68 
Oxidized 
50% 1.47 6.81 100% 2.53 5.28 
Protein concentrates (control)c 5.93 4.12 
Succinylated 
50% 4.40 12.32 
100% 4.27 11.62 
Oxidized 
50% 2.93 12.32 100% 2.80 12.32 
Protein isolates (control)c 2.73 1.57 
Succinylated 
50% 4.53 10.56 
100% 5.07 9.27 
Oxidized 
50% 4.40 9.74 100% 5.07 8.45 
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aMean of triplicate determinations. 
bThe percentages indicate amounts of modifying agent (w/w, protein basis) employed during modification. 
crhese were reported in Part IB and are included here for comparative purposes. 
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may have been due to a certain degree of polymerization and associated physical 
changes in these proteins leading to the decreased availability of polar sites for water 
binding. The increase in oil absorption capacity {approximately 3 to 6 fold) on 
succinylation is in agreement with the observations of Childs and Park (1976) on gland-
less cottonseed meal, Canella et al. (1979) on sunflower proteins, and Beuchat (1977) 
on peanut flour proteins. 
Polyacrylamide Gel Electrophoresis 
Electrophoretograms of the controls and modified bean flour, albumins, 
globulins, protein concentrates, and protein isolates are presented in Figures 16-20. As 
can be seen from these figures (notably the SDS-PAGE patterns), succinylation and 
oxidation of the bean flour proteins resulted in their dissociation into smaller poly-
peptides. Contrary to this observation was in the case of albumins, globulins, and 
protein concentrates where agregation appears to have resulted (with the exception of 
succinylated albumins where dissociation of protein subunits is seen on the SDS-PAGE 
system). In the case of the protein isolates, however, both succinylation and oxida-
tion appeared to have induced dissociation of protein subunits. These observations 
are in agreement with the results of water absorption (Table 11 ). 
Ultraviolet Spectra 
Ultraviolet spectra of the bean flour proteins, albumins, globulins, protein 
concentrates, and protein isolates, as expected, had similar patterns. Succinylation and 
oxidation did not alter the pattern compared to the corresponding control in each case. 
Padhye and Salunkhe ( 1979) reported similar observations on protein fractions 
(albumin, globulin, prolamin, and glutelin) from black gram (Phaseolus mungo L.) in 
that the scans of these fractions in the ultraviolet region (220-320 nm) had similar 
patterns. 
Dialectric Property 
The bean flour, albumins, globulins, protein concentrates, and the protein iso-
lates allowed the passage of electrical current in a voltage range of about 1-2 KV/mm 
Figure 16. SDS-PAGE and PAMU-PAGE of the bean flour proteins. (E, F =control; succinylated: D, G = 50%, 
C, H = 1 00%; oxidized: B, I = 50%, A, J = 100%. The percentages indicate the amounts of modifying agent 















Figure 17. SDS-PAGE and PAMU-PAGE of the albumins. (E, F =control ; succinylated: D, G = 50%, C, H = 100%; 
oxidized : B, I= 50%, A, J = 100%. The percentages indicate the amounts of modifying agent (w/w, protein basis) 







Figure 18. SDS-PAGE and PAMU-PAGE of the globulins. (E, F =control ; succinylated: D, G = 50%, C, H = 100%; 
oxidized: B, I= 50%, A, J = 100%. The percentages indicate the amounts of modifying agent (w/w, protein basis) 












Figure 19. SDS-PAGE and PAMU-PAGE of the protein concentrates. (E, F =control; succinylated: D, G =50%, 
C, H = 100%; oxidized: B, I= 50%, A, J = 100%. The percentages indicate the amounts of modifying agent 
(w/w, protein basis) employed during modification.) 
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Figure 20. SDS-PAGE and PAMU-PAGE of the protein isolates. (E, F = control; succinylated: D, G = 50%, 
C, H = 100%; oxidized: B, I= 50%, A, J = 100%. The percentages indicate the amounts of modifying agent 
(w/w, protein basis) employed during modification.) 







.· a I 
. . (J 
. m 
· ct: 
thickness (Table 12). Globulins and protein concentrates registered more resistance 
than the rest of the samples. Succinylation and oxidation in general lowered the 
electrical resistance towards the passage of current, probably through the increase in 
charge on the proteins (with the exception of oxidized albumins and protein isolates 
treated with I 00% level of the oxidizing agent). 
Adhesive Property 
The results of adhesive strengths are summarized in Table 13. Adhesive 
strength of the globulins was the highest among all the samples studied. Both protein 
concentrates and protein isolates were less sticky than the bean flour, albumins, and 
globulins. These data indicate that the handling of protein concentrates and protein 
isolates may be easier as compared to the bean flour, albumins, and globulins with 
respect to stickiness. It appears that the adhesive strength is predominantly a 
function of type of proteins rather than the quantity of the protein. In addition, 
the contribution by nonprotein components (particularly hydrophilic ones) may 
change this property. The observations on the adhesive strengths are in agreement 
with those in Part lA and Part IB, in that the hydrodynamic behavior appears to alter 
when the albumins and globulins are together compared to when they are separate. 
This may be due to the probable protein-protein interactions which may take place 
in solutions. 
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Table I 2. Dielectric property of the Great Northern bean proteins. a 
Sample b 






























































aMean of triplicate determinations. 
bThe percentages indicate amounts of modifying agent (w/w, protein basis) employed during 
modification. 
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Several physicochemical properties of the Great Northern bean proteins were 
studied. Sorption isotherms of the bean flour, albumins, globulins, protein concentrates, 
and protein isolates had similar patterns at corresponding temperatures. The bean 
flour registered higher equilibrium moisture content than albumins, globulins, protein 
concentrates, and protein isolates at corresponding temperature and equilibrium 
relative humidity. Buffer capacity of the bean proteins in the pH range of 4-8 was 
modest. Modification (succinylation and oxidation) improved the oil absorption 
capacity of the bean proteins. Water absorption capacity of the bean flour and pro-
tein isolates increased on modification. Modification of the bean proteins tended 
to decrease the yellowness and increased the redness. About 1-2 KV/mm thickness 
potential difference was necessary for the passage of electrical current through these 
proteins. Globulins registered the highest stickiness (92 N) among the samples 
investigated. 
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PART ID . . TRYPSIN AND CHYMOTRYPSIN INHIBITORY ACTIVITIES, 
HEMAGGLUTINATING ACTIVITY, AND SUGARS IN THE 
GREAT NORTHERN BEANS 
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INTRODUCTION 
Although animal proteins are relatively costly (per pound basis), their con-
sumption is approximately 10 times greater than that of peas and beans (Satterlee et 
a!. 1975). In the U.S., dry beans (Phaseolus vulgaris L.) are an important food crop 
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in view of both nutrition and economics. In contrast to the Western European countries, 
dry bean consumption in the U.S. has remarkably maintained a constant level of 8.5 
g/day/pcrson over the past 70 years (Hellendoorn 1979). Most of the dry bean crop 
in the U.S. is from Phaseolus vulgaris with a total production of about one million 
tons (Miers et a!. 1977). 
The seeds of Phaseolus are an excellent source of proteins (20-40% proteins on 
a dry weight basis); however, their utilization for human food purposes is below their 
potential. This may be attributed to several factors such as (a) the presence of pro-
tease inhibitors (trypsin, chymotrypsin, a-amylase inhibitors) and toxins like phyto-
hemagglutinins; (b) low quality of proteins due to the deficiency of sulfur containing 
amino acids; and (c) flatulence activity associated with, following ingestion of beans 
and bean products. 
Numerous studies have been reported on trypsin and chymotrypsin inhibitors 
in legumes including Phaseolus angularis (Yoshikawa et al. 1979), Phaseolus coccineus L. 
and Phaseolus vulgaris (Wilson and Laskowski 1973, 1975; Hory et al. 1976), and 
Phaseolus mungo (Padhye 1978 ). Phytohemagglutinins (lectins) of legumes are also 
studied extensively (Allen and Johnson 1976; Sharon 1977; Hankins and Shanon 1978; 
Pusztai et al. 1979). Numerous reviews (Stein 1976; Liener 1975, 1979a, b; Puztai 
et a!. 1979) have discussed the importance, mode of action, nutritional significance, 
nutritional toxicity, effects of processing and related aspects of trypsin and chymo-
trypsin inhibitors and phytohemagglutinins. 
Flatulence activity associated with legumes is a social discomfort to many people. 
Oligosaccharides of the raffinose family including raffinose, stachyose, and verbascose 
escape digestion due to the lack of a-1 ,6-galactosidase activity in the mammalian 
intestinal mucosa. Consequently, they are not absorbed into the blood and are 
metabolized by the microflora of the lower intestinal tract resulting in production of 
large amounts of carbon dioxide and hydrogen (Cristofaro et al. 1974; Rackis 197 5 ; 
Anderson et al. 1979). Wagner et al. (1977) reported that the measurement of hydro-
gen production in rats could be employed as a predictive bioassay for flatulence in 
man. 
The purpose of this investigation was to study the trypsin and chymotrypsin 
inhibitory activities, hemagglutinating activity, and oligosaccharide contents of the 
Great Northern bean (Phaseolus vulgaris L.) flour, albumins, globulins, protein con-
centrates, and protein isolates. The bean protein concentrates were also evaluated for 
their hydrogen producing potential in rats. 
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MATERIALS ANO METHODS 
Trypsin and Chymotrypsin Inhibitors 
Following were the sources of chemicals for the assay. Trypsin and substrate, 
p-tosyl-L-arginine methyl ester (TAME) were from Sigma Chemical Company, St. 
Louis, Missouri; alpha-chymotrypsin was from P. L. Biochemicals, Milwaukee, Wisconsin; 
and benzoyl-L-tyrosine ethyl ester was from Aldrich Chemical Company, Milwaukee, 
Wisconsin. 
One g of sample was blended with 15 ml of 0.05 N hydrochloric acid for 2 
minutes in a Sorvall Omni mixer and extracted for 12 h at 4 °C. The slurry was then 
centrifuged at 5,000 X g for 15 minutes. Three ml of 3 0% TCA were added to the 
supernatant and recentrifuged. The supernatant was then neutralized with sodium 
hydroxide to pH 8.0 and made up to 25 ml. The enzyme inhibitory activity was de-
termined as outlined by Decker (1977). 
Trypsin Assay 
To 2.3 ml of 0.05 M Tris-HCI (pH 8 . 1) containing 0.01 M calcium chloride, 
0 . 1 ml of 0 .01 M p-tosyi-L-arginine methyl ester (TAME) was added and mixed. Then 
0. 1 ml of trypsin (1 0 mg percent, containing 0.0 I M calcium chloride) was added, 
mixed immediately , and change in absorbance was recorded on a Beckman Model 
DB-G Spectrophotometer at 247 nm and an automatic recording unit. 
Trypsin Inhibitor Assay 
One ml of trypsin inhibitor containing solution in 0.05 M Tris-HCI containing 
0.01 M calcium chloride (pH 8. 1) was added to I ml of the enzyme and equilibrated 
for 2-3 minutes. To a cuvette containing 2.2 ml of Tris-HCI buffer and 0.1 ml of 
0.01 M TAME was added 0.2 ml of this mixture. Change in absorbance was 
immediately recorded at 247 nm. 
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Chymotrypsin Assay 
To 1.5 ml of 0.08 M Tris-HCI buffer containing 0.0 I M calcium chloride 
(pH 7.8), 1.4 ml of 0.00107 M Benzoyl-L-tyrosine ethyl ester (BTEE) was added and 
mixed. Change in absorbance at 256 nm was recorded immediately after the addition 
of 0.1 ml of enzyme chymotrypsin (10 mg percent, containing 0.01 M calcium 
chloride). 
Chymotrypsin Inhibitor Assay 
Orie ml of chymotrypsin inhibitor containing solution was mixed with 1 ml of 
the enzyme. After equilibration for 2-3 minutes, 0.2 ml was pipetted out of the mix-
ture and added to a cuvette containing 1.4 ml of the buffer and 1.4 ml of BTEE. 
Change in absorbance was recorded at 256 nm. 
Hemagglutinating Activity 
The method employed was based on that reported by Liener and Hill (1953). 
One g of sample (except for the bean flour, in which case a 5 g sample was used) was 
ext racted with 50 ml of 0.9% NaCl in a stoppered bottle at 4°C overnight (12 h), 
centrifuged for 30 min at 5,000 X g and hemagglutinating activity of the supernatant 
was noted against the rabbit and human (blood group A Rh+) blood erythrocyte 
suspensions (4%). The activities were reported as + = present and - = absent. The 
bean flour sample was tested against sheep and cow blood erythrocytes additionally 
in a similar manner. 
Sugar Analyses 
Oligosaccharides (stachyose, verbascose, raffinose, and sucrose) and total sugars 
were determined on the same extracts. Reducing sugars were determined by the method 
of Sumner ( 1924 ). 
For estimation of oligosaccharides and total sugars, samples were extracted 
according to the method of Hymowitz et al. (1972). Total sugars were determined 
on aliquots employing the method of Dubois et al. (1956). Aliquots were employed 
for the separation of oligosaccharides. Separation was accomplished by the method 
of Shallenberger and Moores (1957) in 80 h on Whatman chromatography paper 3~ 
and the separated oligosaccharides quantitatively determined by the method of Dubois 
et al. (1956). 
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Sources for the oligosaccharides were as follows: Raffmose pentahydrate (Mann 
Research Laboratories, Inc., New York, New York), stachyose tetrahydrate (a gift from 
Dr. R. S. Shallenberger, New York State Agricultural Experiment Station, Geneva, New 
York), verbascose (a gift from Dr. E. Cristofaro, Nestle Products Technical Assistance, 
Ltd., Switzerland), sucrose (ICN Nutritional Biochemicals, Cleveland, Ohio). 
Hydrogen Production in Rats 
Great Northern beans (whole) were cooked with excess water on an electric 
heater (3 h), freeze dehydrated (with cook water), and ground to obtain a 60 mesh 
powder. 
Basal diet (control) consisted of 40% casein (high nitrogen) (United States Bio-
chemicals Corporation, Eleveland, Ohio), 42% cornstarch, 8% com oil, 5% salt mixture 
USP XIV, 4% non-nutritive cellulose (Alphacel), and 1% vitamin diet fortification 
mixture (ICN Nutritional Biochemicals, Cleveland, Ohio). 
Test diets were prepared by incorporating cooked beans and protein con-
centrates at 50% levels into the basal diet. 
Hydrogen produced over a 24 h period by rats following ingestion of control/ 
sample diets was measured by the method of Gumbmann and Williams (1971). A 
schematic diagram of the life supporting system for hydrogen collection is shown in 
Figure 21. Sprague-Dawley male rats (Simonsen Laboratories, Inc., Gilora, California), 
30 days old, were fed stock diet (Wayne Lab-Biox, Allied Mills, Inc., Chicago, Illinois) 
until starting the assay (rats were 60 days old at this time). Rats were fed the basal 
diet for 36 h and fasted for 12 h prior to testing. They were placed in metabolic 
chambers and fed 12 g of test diet and water adlibitum. After 24 h, 5 ml of air were 
withdrawn from the sampling port with a gas tight syringe and analyzed for hydrogen 
gas chromatographically (HP 5750 Gas Ouomatograph; 6 feet long stainless steel 
column (1/8" diameter) packed with molecular sieve 5 A 60/80 mesh; thermal 
detector; carrier gas (Argon) flowrate 20 ml/min; and operating temperature 40°C). 
Figure 21. Schematic diagram of life-support system for quantitative collection for hydrogen gas produced by rats 
following ingestion of the diets. (A. Desiccator containing the rat and feed cup with water supply attachment. 
B. Neptune-Dyna Pump, Model 3K. C. T-joint with silicone rubber septum in the sampling port. D. Gas-tight 
syringe. E. Aspirator bottle containing 4-8 mesh drierite (calcium sulfate). F. Aspirator bottle containing 4-8 
mesh soda lime (mixture of calcium oxide with sodium hydroxide). G. Metal stand with clamps to hold the 





Hydrogen determinations were discredited if rats failed to eat the entire 12 g test 
diet or if the metabolic chamber leaked. The assay was continued until at least 5-6 
values were obtained for each diet. Pure hydrogen (Scotty II, Supelco Inc. , Belle-
fonte, Pennsylvania) was employed as reference standard under identical conditions 
for quantification of flatulence. 
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RESULTS AND DISCUSSION 
Trypsin and Chymotrypsin Inhibitory Activities 
The results of trypsin and chymotrypsin inhibitory activities are summarized 
in Table 14. These activities were significantly reduced in albumins, globulins, protein 
concentrates, and protein isolates. This reduction in albumins and globulins fractions 
might have been primarily due to dialysing out the inhibitor(s) as these inhibitors are 
generally low molecular weight proteins ( < 10,000 daltons) (Stein 1976). In the case 
of protein concentrates and isolates, alkali treatment (pH 10.0) employed for solubiliz-
ing the proteins might have inactivated the inhibitor(s) to a certain extent, thereby 
further assisting reduction in the inhibitory activities. Rackis et al. (1975) determined 
the biological threshold level of trypsin inhibitory activity in soybean meals having 
different levels of trypsin inhibitor in rats, and found that maximum body weight and 
protein efficiency was obtained with rats fed soy samples in which about 80% of the 
inhibitor was inactivated. They also observed no pancreatic hypertrophy in rats fed 
with soy samples in which 50-60% of the inhibitor activity had been destroyed . The 
residual trypsin inhibitory activity observed in the present investigation in the pro-
tein concentrates (24.68%) is comparable to that reported by Liener (1979c) in soy 
protein isolates (30%), while that in the protein isolates (2.02%) was lower. The 
trypsin inhibitory activity (12. 70%) in the globulins might have been due to the en-
trapment of inhibitors in the globular proteins. Trends in reduction of chymotrypsin 
inhibitory activities were similar to those in trypsin inhibitory activities. 
Hemagglutinating Activity 
Hemagglutinating activity (Table 15) was observed in bean flour, but was com-
pletely absent in the rest of the samples. In bean flour samples, activity was observed 
against both rabbit and human blood erythrocytes, but not against sheep and cow 
blood erythrocyte preparations. The absence of hemagglutinating activity in the 
albumins, globulins, protein concentrates, and protein isolates may be advantageous 
Table 14. Trypsin and chymotrypsin inhibitory activitiesa of the Great Northern bean proteins. b 
Sample Trypsin inhibitory % % Chymotrypsin % % 
activity x l0-3 Residual Reduction inhibitory activity Residual Reduction 
per g protein activity X l0-3 activity 
per g protein 
Bean flour 892.68 100.00 00.00 68.04 100.00 00.00 
Albumins 273.20 30.60 69.40 26.55 39.03 60.97 
Globulins 113.38 12.70 87.30 8.62 12.67 87.33 
Protein concentrates 220.34 24.68 75.32 10.35 15.22 84.78 
Protein isolates 18.07 2.02 97.98 9.94 14.61 85.39 
aone unit of trypsin/chymotrypsin inhibitory activity was defined as that which reduced the activity of trypsin/chymotrypsin 
by one unit. 
bAll the analyses were performed in triplicate at room temperature (2 i °C) and means reported. 
-.1 
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Table 15. Hemagglutinating activity of the Great Northern bean proteins. 






a+= Hemagglutinating activity present. 
b_ =Hemagglutinating activity absent. 
b 
Table 16. Total and reducing sugars, and oligosaccharides content of the Great 
Northern bean proteins. 
Samples Total Reducing Stachyose Raffinose Verbascose 
sugars sugars mg/g mg/g mg/g 
mg/g mg/g 
Bean flour 99.30 17.71 37.50 6.67 N.D. a 
Albumins 34.72 14.96 14.69 N.D. N.D. 
Globulins 4.17 Trace N.D. N.D. N.D. 
Protein 
concentrates 10.56 7.88 N.D. N.D. N.D. 
Protein 
isolates 6.52 Trace N.D. N.D. N.D. 
aN.D. =Not detectable. 










during application of these proteins for nutritional and/or functional improvements in 
foods which may not undergo heat processing (such as icc creams). 
Sugars 
Sugar analyses (Table 16) indicated that globulins, protein concentrates, and 
protein isolates were void of raffinose, stachyose, and verbascose. The bean flour 
contained stachyose and raffinose (3.75 and 0.67%, respectively), while verbascose 
was not detectable. lyer (1979) reported similar results of oligosaccharides in Great 
Northern beans. Hydrogen production by rats (Figure 22) following ingestion of 
protein concentrates was essentially zero when compared to that by cooked beans 
(17. 74 ml of hydrogen produced). Reduction in oligosaccharides during preparation 
of protein concentrates and isolates has been reported (Omosaiye et al. 1978 ; 
Eldridge et al. 1979). Murphy et al. ( 1964) also reported that a 73% protein isolate 
from California small white beans (Phaseolus vulgaris) was void of almost all of the 
flatulence factor and antinutritional factors. 
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Figure 22. Flatulence (hydrogen gas) production by rats fed the Great Northern 
bean flour and the protein concentrates. 
m CONTROL (Basal) 
EIB) BASAL + BEAN MEAL (50:50 w/w) 
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SUMMARY 
Trypsin and chymotrypsin inhibitory activities, hemagglutinating activity, 
oligosaccharidcs, total and reducing sugars were determined in the Great Northern 
bean flour, albumins, globulins, protein concentrates, and protein isolates. The bean 
flour and the protein concentrates were further evaluated for hydrogen gas production 
following ingestion in rats. The trypsin and chymotrypsin inhibitory activities were 
reduced in protein concentrates (75.32 and 84.78% reduction, respectively), and 
protein isolates (97 .98 and 85.39% reduction, respectively). Albumins, globulins, 
protein concentrates, and protein isolates did not contain raffinose and verbascose, 
while stachyose was present (14.69 mg/g) only in the albumins. Protein concentrates 
were essentially void of flatulence activity. Hemagglutinating activity was absent in 
albumins, globulins, protein concentrates, and protein isolates, but was present in the 
bean flour. This reduction in antinutritional and flatulence factors during prepara-
tion of the protein concentrates and the protein isolates may be of nutritional ad-
vantage in food application(s) of these inexpensive proteins. 
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PART IE. AMINO ACID COMPOSITION, iN ViTRO DIGESTIBILITY, 
AND APPLICATION TO COOKIES OF THE GREAT 
NORTHERN BEAN PROTEINS 
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INTRODUCTION 
In Parts IA, IB, IC, and ID, the preparation, electrophoretic characteristics, 
certain hydrodynamic and physicochemical properties, and the antinutritional and 
flatulence factors of the Great Northern bean proteins were discussed. 
In this section, the results of certain functional properties (performance in 
cookie preparation), amino acid composition, and in vitro digestibility of these bean 
proteins are presented. 
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MATERIALS AND METHODS 
For in vitro digestibility studies, heat treatments were given to samples as 
follows. For dry heating, dry samples were heated in an oven (110°C) for 10 h, 
cooled to room temperature (21 °C), and used for enzymatic digestion. For moist 
heating, an appropriate amount (0.5 g) ofsample was dispersed in 0.5 M NaCl and 
heated on a water bath (95°C, 30 min), cooled to room temperature, and used for 
the enzymatic digestion. 
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Amino Acid Analyses 
About 100 mg (accurately weighed) were hydrolyzed with 20 ml of 6 N I-ICl 
for 24 h at I 10°C in an evacuated teflon screw capped test tube. To the resultant 
hydrolyzate , 10 ml of citrate buffer (0.2 M, pH 2.20) were added , adjusted to pH 2.20 
with dilute NaOH (0.1 N) or HCI (0. I N) and made to a known volume (50 ml). 
Analysis was conducted by injecting 100 lJl sample into a Beckman model 1 I 8 Amino 
Acid Analyzer. Norleucine was used as an internal standard and amino acid con-
tents were corrected for 100% recovery of proteins. Tryptophan content was de-
termined by the spectrophotometric method (Bencze and Schmid 1957). 
In Vitro Digestibility 
The modified method of Romero and Ryan (1978) was used to determine the 
percent peptide bond hydrolysis. A combination of enzymes peptidase, trypsin (both 
from Sigma Chemical Co., St. Louis, Missouri), and a-chymotrypsin (P. L. Biochemicals, 
Milwaukee, Wisconsin) for hydrolysis of the proteins. Enzymes (equal amounts of each 
enzyme) to protein ratio was 1:10 (w/w). To 0.5 g of sample, 25 ml of 0.5 M NaCl 
was added and blended for 15 min in a Sorvall Omni mixer. To this slurry was then 
added 0.08 M sodium barbital buller (pll 8.6) and pi I adjusted to about 8.0. The 
slurry was then incubated for 30 min at 37°C (water bath) prior to the addition of 
the enzymes. To this slurry was then added a mixture of enzymes (peptidnse in 
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distilled water, trypsin, and a-chymotrypsin in distilled water containing IOO mM 
CaCI 2 ) ;111d tile digestion w;1s carried out for 4 hat 37°C in a water bath. The slurry 
was then heated in a boiling water bath (95°C) for 15 min to arrest the enzyme 
action, cooled to room temper;1ture (21 °C') ;111<! diluted to I 00 ml with distilled water. 
Aliquots of this digest were used for trinitrobenzene sulfonic acid (TNBS) assay 
according to the modified Fields' ( 1972) procedure as follows. The enzyme digests 
were centrifuged at 5000 X g for 15 min. To an aliquot of the supernatant, 0.1 M 
borate buffer (pH 9.5) was added to make volume to 1.0 mi. To this was then added 
20 )JI of TNBS (I 00 mg/0. 2 ml distilled water, freshly prepared) and mixed thoroughly. 
After 30 min incubation at room temperature (2I °C), the reaction was stopped by the 
addition of 2.0 ml of 0.1 mM sodium sulfate. The optical density was read at 420 nm 
in a Beckman DB-G Spectrophotometer. A blank was prepared simultaneously con-
taining the enzyme mixture alone and the sample alone. The net optical density was 
calculated by subtracting the values of the two controls from those of the samples. 
Calculations of percent peptide bond hydrolysis were performed by taking the ratio of 
the number of new a-amino groups in the digestion mixture to the total number of 
peptide bonds in the protein. The number of new amino groups was calculated using 
22,000 as the molar extinction coefficient for the TNP-a amino groups at 420 nm. 
The total number of peptide bonds in the protein was calculated by dividing g of pro-
tein in the digest by 113, the average molecular weight of amino acids. Means of 
triplicate determinations were reported. 
Alkaline Water Retention Capacity 
The modified method of Yamazaki (1953) was used. To I g of the all-purpose 
wheat flour or the blend (test tubes weighed with their contents, WI), 5 ml of O.I N 
NaHC03 were added, and mixed for 30 s in a Whari-Whirl mixer. The samples were 
then allowed to stand at room temperature (2I °C) for 20 min, centrifuged for I5 
min at 2000 rpm and drained for I 0 min at an angle of I O-I 5° with the horizontal. 
The test tubes with their contents were then weighed (W2 ). Alkaline water retention 
capacity was calculated as follows. 
.. 
~~al0e_ W~t~ ~t~n~O_:! ~a~ci_ty_(!Q = W
2 
_ W l 
g blend 
All the analyses were performed in triplicate and means reported. 
Preparation of Cookies 
The basic fonnula employed for the cookie preparation was: 
All purpose wheat flour 60 g 
Vegetable shortening 50 g 
Sugar (fine granulated) 25 g 
Salt 700 mg 
Ammonium bicarbonate 5 g 
Cardamom (powder) 200 mg 
Nutmeg (powder) 200 mg 
Water 10 ml 
Cookies with the bean t1our and protein concentrates were prepared by replac-
ing all purpose wheat flour at 10, 20, 30, 40, and 50% (by weight) in each case. The 
doughs were mixed (all in one) and allowed to equilibrate for I h at 4°C prior to 
baking. The doughs were then divided into 15 ± 0.5 g portions, shaped round (by 
hand), and placed on greased trays. Baking was carried out at about 149°C (300°F) 
for 25 min. Baked cookies were then cooled to room temperature (21 °C) and imme-
diately evaluated for physical parameters. 
Scanning Electron Microscopy 
About 5 d doughs of the control and with 10% protein concentrates were 
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freeze-dehydrated and fractured in liquid N2. A small piece of sample was placed on 
an aluminum stub (with a piece of double-stick tape on it) and was coated with gold-
palladium alloy completely, in a Polaron E5000 Sputter Coater (U.K.). The specimens 
were then observed and photographed in an AMR I OOOB Scanning Electron Microscope 
(Cambridge, Massachusetts, U.S.A.) at an accelerating voltage of 20 KV and suitable 
magnification. 
Cookie Evaluation 
Physical Parameters: Weight, height, and diameter measurements were per-
formed on five representative cookies in each batch. Diameters were measured three 
times on each cookie. Mean weight, height, and diameter were reported. 
Organoleptic Evaluation: The taste panel consisted of five untrained judges. 
Organoleptic evaluation was performed within 6 h after baking. Cookies were evalu-
ated for color, flavor, texture, taste, and overall score on the following scale: 
excellent (1), very good (2), good (3), fair (4), and poor (5). Mean scores were re-
ported. 
Statistical Analyses 
Simple correlation coefficients for the alkaline water retention capacity and 
the cookie diameter were calculated as described by Ostle (1974). 
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RESULTS AND DISCUSSION 
Amino Acid Analyses 
The results of amino acid analyses are summarized in Table 17. The bean 
flour proteins, albumins, and protein isolates contained high amounts of acidic amino 
acids, while globulins and protein concentrates were characterized by high content of 
hydrophobic amino acids. Essential to total amino acid ratio (E/T%) was highest for 
the protein concentrates followed by globulins, albumins, protein isolates, and the 
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bean flour proteins in decreasing order. Protein isolates registered the lowest chemical 
score (18.9) among all the samples. In all cases, sulfur containing amino acids (met+ 
cyst) were the first limiting amino acid, leucine being the second limiting amino acid. 
Pusztai et a!. (1979) have reported similar observations, in that sulfur containing amino 
acids are limited in Great Northern beans. Yadav and Liener (1977) also reported that 
the sulfur containing amino acids were limited in navy beans (Phaseolus vulgaris). 
In Vitro Digestibility 
In vitro digestibility, as measured by TNBS assay, of the Great Northern bean 
flour proteins, albumins, globulins, protein concentrates, and protein isolates was 
9.30, 2.73, 10.09, 13.60, and 28.59, respectively (Table 18). Moist heat improved the 
digestibility more than dry heat. The low degree of hydrolysis of the unheated pro-
teins was expected. Romero and Ryan (197 8) have reported resistance of the major 
protein of Phaseolus vulgaris L. (var. Improved Tendergreen) to enzymatic hydrolysis. 
They also reported improvement in susceptibility of this protein to enzymatic hydrolysis. 
Recently, Chang and Satterlee (1980) reported isolation of a major protein of the 
Great Northern beans and observed that the native protein had a compact structure. 
They attributed the resistance of protein to enzymatic attack to this compactness of 
the structure. They further reported that protein unfolding followed by aggregation 
on heat denaturation occurred and that the protein had improved in vitro digestibility. 
lyer et al. (1980) also reported an improvement in in vitro digestibility of the Great 
94 
Table 17. Amino acid data for the Great Northern bean proteins. a 
Amino acid Bean flour Albumins Globulins Protein Protein 
proteins concentrates isolates 
Aspartic acid 164.5 143.8 98.7 74.1 204.4 
Tiueonine 43.1 54.8 51.6 63.9 41.2 
Serine 47.3 55.4 57.4 40.8 53.7 
Glutamic acid 224.4 197.8 133.9 138. 1 169.8 
Proline trace trace trace trace trace 
Glycine 6.9 7.5 1.5 7.8 0.7 
Alanine 66 .2 68.4 63.9 68.8 60.6 
Half cystine 7.7 6.4 7.5 6.9 5.3 
Valine 56.5 72.9 92.3 180.7 57.2 
Methionine 2.7 1.6 1.4 1.3 1.3 
Leucine 27.6 42.9 41.2 38. 1 38.9 
Isoleucine 51.9 53.3 71.1 46.2 55.2 
Tyrosine 29.1 38.7 52.5 45.8 43.3 
Phenylalanine 55.0 59.8 89.7 81.8 77.1 
Histidine 52.0 34.4 39.5 31.7 28.4 
Lysine 67.9 78.9 68.6 72.4 72.6 
Ammonia 8.9 5.8 11.3 10.7 8.3 
Arginine 67.5 64.8 103.1 77.1 68.6 
Tryptophan 20.8 12.6 14.7 13.7 13.0 
-------------------- ----------- --- ----
Classified distribution of amino acids(% of total) 
Hydrophobic 28.1 31.2 37.4 43.1 30.3 
Uncharged polar 13.4 16.3 17.1 16.5 14.4 
Basic 18.7 17.8 21.1 18.1 17.0 
Acidic 38.9 34.2 23.3 21.2 37.4 
--------------------------------------
E/T%b 36.2 42.2 49.1 55.1 40.5 
Chemical scoreb 29.7 22.9 25.4 23.4 18.9 
Limiting amino acidsb 
First Met+ Cyst Met+ Cyst Met+ Cyst Met+ Cyst Met+ Cyst 
(29.7) (22.9) (25.4) (23.4) (18.9) 
Second Leu Leu Leu Leu Leu 
(39.4) (61.3) (58.9) (54.4) (55.6) 
a Amino acid contents expressed as mg/g protein, corrected for 100% protein recovery. 
bEvaluated with WHO-UN (1973) provisional amino acid pattern as reference. The 
figures in parentheses correspond to amino acid scores. 
Table 18. Susceptibility of the Great Northern bean proteins to in vitro enzymatic 













aMean of triplicate determinations. 
%Peptide bond hydrolysis 
Dry heat 













Table 19. Correlation between the alkaline water retention capacity and cookie 
diameter. 
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Northern, kidney, and pinto bean proteins on cooking (moist heat). The improved in 
vitro digestibility of proteins observed in the present investigation may improve the 
nutritional quality of these inexpensive proteins. 
Cookie Dough Mixing, Baking, and Scanning Electron Microscopy 
During the dough mixing, it was observed that as the proportion of the bean 
flour or protein concentrate increased, doughs became progressively stiffer. This effect 
was more pronounced in the case of the protein concentrates than in the bean flour 
addition. This effect may have been due to increased water absorption capacity of 
the blends (Table 19). During baking, the collapsing was more in the case of doughs 
with added bean flour than in those with added protein concentrates. This was pro-
portionately reflected in the final diameter of the cookies (Figure 23). These observa-
tions suggest that in addition to proteins, starch may also have an important role in 
structural characteristics of the cookies. 
Scanning electron microscopic observations on representative doughs (control 
and with 10% protein concentrates) were made for comparative purposes (Figure 24). 
The addition of protein concentrates did alter dough characteristics. The noticeable 
change appeared to be in the gluten network of the dough. 
Cookie Evaluation 
Physical Parameters : The data on physical parameters (and protein content) of 
cookies are summarized in Table 20. In general, th e spread ratio decreased with increase 
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in protein content of the cookies. The mechanism by which cookie spread is reduced by 
certain wheat flour supplements is not completely understood . It is reported that rapid 
partitioning of free water to hydrophilic sites during mixing increases the dough viscosity, 
thereby limiting cookie spread and top grain formation during baking (McWatters 1978). 
1l1C reduction in spread ratio was more pronounced in the case of the protein concentrates 
addition than for the bean flour addition. It was also noted that the cookie diameter was 
negatively correlated to the alkaline water retention capacity of the blend (Table 19) 
with correlation coefficients of -0.90 for the bean flour blends and -0.93 for the blends 
containing the protein concentrates. Yamazaki et al. (1977) reported similar observations 
on correlation between the alkaline water retention capacity of wheat flours and the 
Figure 23. Cookies prepared from the all purpose wheat flour and its blends with 
the Great Northern bean flour and protein concentrates. (A= control; B, C, D, E, 
and F =wheat flour replaced with 10, 20, 30, 40, and 50% (by weight) protein 
concentrates, respectively; G, H, I, J, and K = wheat flour replaced with I 0, 20, 
30, 40, and 50% (by weight) bean flour, respectively.) 
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Figure 24. Scanning electron photomicrograph of cookie doughs. (A= control 
(1 ,000 X), B =with 10% (by weight) replacement of the all purpose wheat flour 
by the protein concentrates (2,000 X). (Note the significant change in gluten 
network due to the addition of the protein concentrates (Figure B).) 
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Table 20. Physicochemical data on cookies prepared from blends of all purpose wheat flour with bean flour and 
protein concentrates. 
Blend Protein Increase Weight Diameter Height Spread 
% wheat flour contenta in protein cookie cookie cookie ratio 
replaced % contentb g em em 
% 
Control 4.63 00.00 13.47 7.77 0.60 12.95 
Bean flour 
10 5.15 11.23 13.41 7.03 0.80 8.79 
20 5.66 22.25 13.15 7.09 0.86 8.24 
30 6.12 32. 18 13.73 6.47 0.96 6.74 
40 6.69 44.49 13.28 6.47 0.98 6.60 
50 7.21 55 .72 13.32 6.21 1.04 5.97 
Protein concentrates 
10 7.54 62.85 13.66 6.41 0.74 8.66 
20 10.45 125.70 13 .66 5.69 1.05 5.42 
30 13.36 188.55 13.45 4.52 1.44 3.14 
40 16.26 251.19 13.30 4.39 1.50 2.93 
50 19.18 314.25 14.14 4.04 1.80 2.24 
:!Calculated protein content per 100 g cookies on dry weight basis. 




cookie diameter. Observations in the present investigation suggest that the correlation be-
tween the alkaline water retention capacity and the cookie diameter holds good for com-
posite blends as well. 
Organoleptic Evaluation: The results of the organoleptic evaluation of the cookies 
prepared from blends of wheat flour with bean flour and protein concentrates (Figure 23) 
are presented in Table 21. Cookies prepared with up to 30% replacement of the wheat 
flour with bean flour scored equal to or better than the control in sensol)' quality attributes. 
Although cookies containing higher proportions (40 and 50% replacement of the wheat 
flour) scored lower than the control, they were rated to be acceptable by the taste panel. 
Cookies prepared from blends of wheat flour and the protein concentrates up to 20% re-
placement of wheat flour were acceptable. Cookies containing higher proportions (30, 40, 
and 50% replacement of the wheat flour) of the protein concentrates were, however, 
essentially of poor quality. Cookies containing up to 30% bean flour replacement and 
20% protein concentrates replacement of the wheat flour did not have any noticeable 
beany flavor or beany bitter taste. Higher proportions of bean flour (40 and 50%) and 
protein concentrates (30 , 40, and 50%) did effect beany flavor in both the cases, and 
distinct bitter taste in the latter, in the tina! product. The increase in protein content 
at 30% replacement of wheat flour by the bean flour was 32.18%, while at 20% replace-
ment of wheat flour by protein concentrates it was 125.70% over the protein content 
of the control. These results indicate that these inexpensive bean proteins have a potential 
for protein improvement of cookies without appreciable affecting (adversely) the 
sensory attributes. McWatters (1978) reported similar observations on sugar cookies 
made from a blend of field pea flour and wheat .flour, in that field pea flour could 
replace at least 30% of the wheat flour without adversely affecting the sensory quality 
attributes. 
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Table 21. Organoleptic evaluation of cookies prepared from the blends of all purpose 
wheat flour with bean flour and protein concentrates. a 
Blend Color Flavor Texture Taste Overall 
% wheat 
flour replaced 
Control 2.2 2.2 1.6 2.2 2.0 
Bean flour 
10 1.9 1.9 1.8 2.1 1.9 
20 2.1 1.6 1.9 1.9 2.0 
30 1.9 1.9 2.0 1.9 2.0 
40 2.4 2.8 2.8 2.2 2.6 
50 2.6 2.8 2.8 2.4 2.6 
Protein concentrates 
10 2.3 2.5 2.1 2.2 2.4 
20 2.4 3.0 2.3 2.7 2.7 
30 4.2 4.2 4.0 4.0 4.2 
40 4.2 4.0 4.0 4.2 4.2 
50 4.2 4.0 4.0 4.2 4.4 
aMean score of five judges. Samples were rated on the following scale: excellent 
(I), very good (2), good (3), fair (4), and poor (5). 
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SUMMARY 
The Great Northern bean flour proteins, albumins, and protein isolates were 
characterized by high acidic amino acid content, while globulins and protein con-
centrates had a high proportion of hydrophobic amino acids. Sulfur containing amino 
acids and leucine were first and second limiting amino acids in these proteins, respectively. 
The bean proteins were resistant to in vitro enzymatic attack. Heating improved in 
vitro susceptibility of these bean proteins to enzymatic attack. Moist heat was more 
effective than dry heat in improving the in vitro digestibility of the bean proteins. 
Acceptable quality cookies could be prepared by replacing the all purpose wheat flour 
with the bean flour (up to 30% by weight) and protein concentrates (up to 20% by 
weight) without adversely affecting the sensory quality attributes of the cookies. 
Cookie diameter was negatively correlated to the alkaline water retention capacity of 
the blends of wheat flour with bean flour (r = -0.90) and protein concentrates 
(r = -0.93). 
REFERENCES 
Bencze, W. L., and K. Schmid. 19 57. Detennination of tyrosine and tJYptophan in 
proteins. Anal. Chern. 29:1193-1196. 
103 
01ang, K. C., and L. D. Satterlee. I 980. Isolation and characterization of the major 
protein from Great Northern beans (Phaseolus vulgaris). Paper presented at 
the 40th Annual Meeting of the Institute of Food Technologists, New Orleans, 
Louisiana, June 9-11. 
Fields, R. 1972. The rapid determination of amino groups with TNBS (trinitro-
benzene sulfonic acid). Pages 464-468 in C. H. W. Hirs and S. M. Timasheff, 
eds. Methods in enzymology. Enzyme Structure. Part B. Volume 24. Aca-
demic Press, New York. 
lyer, V., D. K. Salunkhe, S. K. Sathe, and L. B. Rockland. 1980. Quick-cooking beans 
(Phaseolus vulgaris L.). I. Investigations on quality. Qual. Plant. Pl. Foods 
Hum. Nutr. 30:27-43. 
McWatters, K. H. 1978. Cookie baking properties of defatted peanut, soybean, and 
field pea flours. Cereal Chcm. 55:853-863. 
Ostle, B. 1974. Statistics in research, basic concepts and techniques for research work-
ers. The Iowa State University Press, Ames, Iowa. 
Pusztai, A., E. M. W. Clarke, T . P. King, and J. C. Stewart. 1979. Nutritional evalua-
tion of kidney beans (Phaseolus vulgaris): chemical composition, lectin content, 
and nutritional value of selected cultivars. J. Sci. Food Agric. 30:843-848. 
Romero, J ., and D. S. Ryan. 1978. Susceptibility of major storage proteins of the bean, 
Phaseolus vulgaris L., to in vitro enzymatic hydrolysis. J. Agr. Food Chem. 
26:784-788. 
World Health Organization of the United Nations. 1973. Energy and protein requirements. 
Joint FAO/WHO Ad Hoc Committee (March-April, 1971 ), WHO, Geneva, 
Switzerland. 
Yadav, N. R. , and I. E. Liener. 1977. Optimizing the nutritive value of the protein of 
navy beans (Phaseolus vulgaris) by complementation with cereal proteins. 
Legume Res. 1: 17-26. 
Yamazaki, W. T. 1953. An alkaline water retention capacity for the evaluation of cookie 
baking potentialities of soft winter wheat flours. Cereal Chem. 30:242-246. 
Yamazaki, W. T., J. R. Donelson, and W. F. Kwolek. 1977. Effects of flour fraction 
composition on cookie diameter. Cereal Chern. 54:352-360. 
PART IF. EFFECTS OF ADDITION OF THE GREAT NORTHERN BEAN 
FLOUR AND PROTEIN CONCENTRATES ON RHEOLOGICAL PROPERTIES 
OF DOUGH AND BAKING QUALITY OF BREAD 
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INTRODUCTION 
In the United States, beans (Phaseolus vulgaris L.) are an important food crop 
in view of both economics and nutrition. They contain about 25-30% proteins on a 
dry weight basis and are isocaloric to cereals. The Great Northern beans rank third 
among the five major bean cultivars (navy, pinto, Great Northern, kidney, and lima) 
(Chang and Satterlee 1979). Cereals are deficient in lysine, while dry beans are rich 
lysine sources. The cereal-bean blends thus complement each other in improving the 
essential amino acid balance. Bakery products (particularly bread) are universally 
acceptable and thus offer a valuable vehicle for nutritional improvement. 
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Several investigators have reported studies on wheat flour-legume flour blends 
for breadmaking. Legumes employed for such studies include soybeans (Pomeranz et 
al. 1969a; Tsen and Tang 1971; Tsen and Hoover 1973), chickpea (Shehata and Fryer 
1970), broad beans (Hussein et al. 1974), peas (Jeffers et al. 1978), fababeans (Lorenz 
et al. 1979), navy beans (D'Appolonia 1978), and others (D'Appolonia 1977). 
Recently, Sosulski and Fleming (1979) reported that acceptable breads can be pro-
duced by replacing 15% wheat flour by plant protein concentrates and 2% by vital 
gluten with 1% surfactant in addition to 3% shortening. The incorporation of high 
proportions of foreign proteins into bread doughs can cause severe deterioration of 
loaf volume and crumb characteristics (crumb grain and compressibility), and palatabil-
ity. This often necessitates the addition of dough conditioners such as lactylate esters 
(Tsen and Hoover 1973) and glycolipids (Pomeranz et a!. 1969b). 
Although several studies have been reported on bread baking, employing wheat 
flour-legume flour blends, relatively few investigations have been made on bread making 
using dry bean protein concentrates. The protein concentrates increase protein more 
(weight for weight replacement) than bean flour. The purpose of the present investi-
gation was to study, comparatively, the effects of incorporation of the Great Northern 
bean flour and protein concentrates on the rheological properties of dough and baking 
quality of the bread prepared from the composite blends. 
MATERIALS AND METHODS 
The source and preparation of the Great Northern bean flour (BF) were de-
scribed in Part IA. Two different wheat flours were employed in this study; namely, 
all purpose wheat flour (purchased from a local market) (APWF) and hard winter 
wheat (Scoutt 66, Kansas Control 79-716, supplied by Professor J. G. Ponte, Jr., of 
the Department of Grain Science and Industry, Kansas State University, Manhattan, 
Kansas) (WF). Unless otherwise mentioned, ail the chemicals were of reagent grade. 
All the analyses were performed in duplicate and means reported. 
Preparation of Protein Concentrates 
Protein concentrates prepared on both laboratory and pilot plant scales were 
used in these studies. Laboratory scale preparation of the protein concentrates was 
described in Part IA and is referred to as PC in this section. 
106 
Pilot plant scale preparation of protein concentrates (CPC) was as follows. Eight 
kilograms of BF were extracted in 0.5 % Na2co3 (w/v, aqueous solution, BF:solvent ratio 
being 1:10 w/v) for 30 min (hand stirring with a wooden spatula) and centrifuged at 5,000 
X gin a continuous centrifuge (Beehive Machinery, Inc., Sandy, Utah). The supernatant 
was then ultrafiltered (MW cut off of about 35 ,000 daltons) at 50°C and 90 psi, and 
lyophilized. 
Protein Determination 
Protein content was determined by the standard A.A.C.C. method 46-1 I (Ameri-
can Association of Cereal Chemists. 1961 ). 
Rheology 
BF replaced 5, 10, 15, 20, 25, 30, 35, and 40% (by weight) of each wheat flour. 
The protein concentrates replaced 5, 10, and 15% (by weight) of each wheat flour. 
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Farinograph 
The Brabender farinograph equipped with a 50 g bowl and the constant flour 
weight procedure of the A.A.C.C. method 54-21 (1976) was employed to study mixing 
time, dough stability, and mixing tolerance index of the wheat flour blends. 
Mixograph 
The 10 g mixograph method of Finney and Shogren ( 1972) was used for the 
evaluation of physical dough mixing properties. 
Extensigraph 
The blends were evaluated for resistance to extension and extensibility by the 
A.A.C.C. method 54-10 (1976). The load-extension curves were recorded at 45, 90, 
135, and 180 min rest periods. Blends with CPC and PC were not evaluated due to 
their limited quantities. 
Baking 
Scout 66 wheat flour (WF) was employed for the preparation of breads. The 
pup loaf method (straight dough) of Finney et al. ( 1976) was followed. The formula 
employed was: 
Wheat flour/blend (14% moisture basis) 
Shortening 
















The doughs were mixed for optimum dough development (point of minimum 
mobility) and fermented at 30°C and 92-95% relative humidity (R.H.) for 180 min. 
Doughs were punched at 105 and 155 min, proofed for 55 min (30°C and 92-95% 
R.H.), and baked at 215°C for 24 min. 
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Bread Evaluation 
Freshly baked breads were evaluated for loaf volume by the r<Jpeseed displace-
ment method and loaf weight. Subjective evaluation for crumb, cmst, taste, and 
flavor was accomplished after cooling the breads at room temperature (21 °C) for I h. 
The taste panel consisted of five trained personnel. The taste panel scores \IVere 
assigned on the following scale: excellent (1), very good (2), fair (3), poor ( 4), and 
very poor (5). 
The samples were scored with reference to the control bread of which the 
score was 1. Breads were stored at 4°C for 48 h, brought to room temperature (21 °C), 
and photographed. 
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RESULTS AND DISCUSSION 
The blends prepared from both the wheat flours (APWF and WF) and BF, 
CPC, and PC were studied for their rheological properties. Protein content of BF, CPC, 




Farinograph results of the APWF and WF blends with BF, CPC, and PC are 
presented in Table 22. The WF had higher water absorption as compared to that of 
the APWF. In all cases, water absorption increased with increasing levels of BF, CPC, 
or PC additions, while mixing time and dough stability had decreasing trends. The 
WF blends with BF, CPC, or PC had better dough stability than the blends of APWF 
with BF, CPC, or PC. The mixing tolerance index (M.T.I.), in general, increased with 
the increasing levels of BF, CPC, or PC addition. This effect was more pronounced in 
the case of BF than that of CPC or PC in both APWF and WF. Water absorption in-
crease was higher in blends of WF as compared to those of APWF, with BF, CPC, or 
PC. Reduction in dough stabilities and increase in water absorption observed in the 
present investigation arc in agreement with those of D'Appolonia (1978). He reported 
that water absorption increased and dough weakening accompanied the addition of 
navy bean flour to wheat flour. A similar increase in water absorption clue to the 
addition of sweet lupine flour to wheat 11our was reported by Campos and El-Dash 
(1978). 
Mixograph 
The mixograph data of the APWF and WF blends with BF, CPC, and PC arc 
embodied in Table 23. In general, an increase in concentration of BF, CPC, or PC in-
creased water absorption, and decreased mixing time and peak height. The increase 
in water absorption due to the addition or BF in both APWF and WF was similar; 
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Table 22. Farinograph data for APWF and WF blends with BF, CPC, and PC. 
% Water Arrival Mixing Stab it- Mixing 
BF,CPC,PC absorption time time ity tolerance 
in blend % min min min index (BU} 
APWF WF APWF WF APWF WF APWF WF APWF WF 
BF 
0 56.0 61.7 1.0 2.2 5.3 5.5 8.0 14.1 60 40 
5 57.8 64.4 1.5 2.3 5.0 5.5 6.5 9.7 70 60 
10 60.0 66.0 2.3 2.8 5.0 5.3 4.5 6.8 80 70 
15 62.1 68.8 2.5 3.3 4.5 5.0 4.5 4.0 80 70 
20 64.8 70.6 2.5 3.1 4.3 4.3 3.8 3.4 100 80 
25 66.7 71.9 2.5 3.1 3.8 4.3 3.3 3.4 120 75 
30 69.3 74.0 2.8 3.2 4.0 4.2 2.5 2.8 130 80 
35 71.0 76.0 3.0 3.5 4.0 4.3 1.8 2.4 130 110 
40 72.8 77.0 3.3 3.3 4.2 4.3 2.2 2.5 135 120 
CPC 
5 60.5 66.9 4.5 4.3 6.8 9.0 4.5 12.0 40 40 
10 65.0 72.7 4.0 9.5 6.8 10.0 6.5 8.5 30 50 
15 69. 1 77.7 5.0 8.0 6.8 10.5 3.8 6.8 60 40 
PC 
5 61.1 67.8 2.3 4.3 4.3 6.8 4.7 5.8 90 60 
10 66.0 73.7 2.5 5.2 4.0 7.3 2.3 4.3 95 60 
15 69.8 78.7 1.0 4.2 3.5 7.0 5.0 5.3 85 70 
APWF = All purpose wheat flour. 
WF = Scout 66 wheat flour. 
BF = Great Northern bean flour. 
CPC = Protein concentrates (pilot plant scale). 
PC= Protein concentrates (laboratory scale). 
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Table 23. Mixograph data for APWF and WF blends with BF, CPC, and PC. 
% Water Mixing Peak 
BF, CPC, PC absorption time height 
in blend % min em 
APWF WF APWF WF APWF WF 
BF 
0 56.0 63.0 4.2 4.3 5.1 5.7 
5 58.0 64.5 4.5 3.5 4.6 5.6 
10 60.0 65.5 4.5 3.6 4.6 6.0 
15 62.0 67.0 4.0 3.8 4.0 5.3 
20 65.5 67.5 4.0 4.0 3.8 5.3 
25 66.0 68.5 4.0 4.1 3.7 5.0 
30 67.0 69.9 4.0 4.0 3.6 4.8 
35 67.5 73.0 3.5 3.9 3.6 4.0 
40 67.0 74.5 3.0 3.1 
CPC 
5 62.5 70.0 4.8 4.6 4.5 5.6 
10 64.0 71.0 4.4 4.5 3.8 4.8 
15 64.5 71.5 
PC 
5 59.5 67.5 3.7 4.0 4.2 5.6 
10 60.0 69.0 3.0 3.5 4.2 5.3 
15 62.5 70.0 
APWF =All purpose wheat Hour. 
WF = Scout 66 wheat flour. 
BF =Great Northern bean flour. 
CPC =Protein concentrates (pilot plant scale). 
PC= Protein concentrates (laboratory scale). 
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however, the addition of CPC or PC to WF caused greater water absorption than for APWF, 
probably due to higher protein content in the blends containing CPC and PC than those 
containing BF. In certain cases (blends with 15% CPC and PC of APWF and blends with 
40% BF and 15% CPC of WF), sticky doughs were obtained. These doughs lacked co-
hesive properties and tended to adhere inside of the mixing bowl. Consequently, mixo-
grams for those samples could not be obtained. Similar difficulties have been reported 
when navy bean flour was added to wheat flours at high levels (D' Appolonia 1978). 
Extensigraph 
Blends of APWF and WF with BF were evaluated for extensibility and resistance 
to extension (Figures 25 and 26, respectively, for extensibility and resistance to extension). 
Resistance to extension increased with increase in resting period and decreased with in-
creased concentration of BF for a particular resting period. The extensibility, on the other 
hand, decreased with increase in resting period as well as increase in concentration of BF 
in the blend. These trends were similar in blends prepared from both APWF and WF with BF. 
Extensibility of the WF blends was greater than the APWF blends, while the resistance to 
extension by the APWF blends was greater than the WF blends at corresponding rest 
period and percent BF in the blend. 
Mixing and Fermentation 
Doughs with BF at 30-40% and CPC or PC at 10 and I 5% concentrations were diffi-
cult to handle, as they were sticky and wet. However, during the fermentation process 
they became progressively stiffer and no difficulty was encountered in subsequent handling. 
TI1e results of the baking experiments are represented in Table 24. TI1e water ab-
sorption and mixing times were different than those arrived at by both farinographs and 
mixographs. This difference must have been due to the presence of other ingredients 
present in the baking formula. However, the general trend of increased water absorption 
with increasing concentration of BF, CPC, or PC was consistent with the observations on 
corresponding farinographs and mixographs. Proof height, in general, decreased with 
increasing concentration of BF, CPC, or PC. 
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Figure 25. Extensigraph data for the Scout 66 wheat flour (WF)-Great Northern 
bean flour (BF) blends: extensibility. 
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Table 24. Baking data for WF blends with BF, CPC, and PC. a 
% Water Mixing Proof Loaf Loaf Specific Tasteb 
BF,CPC,PC absorption time height volume weight volume panel 
in blend cc min em cc g g/cc score 
BF 
0 68 4.1 7.50 955.0 142.25 6.57 1.0 
5 67 4.2 7.70 912.5 147.75 6.18 3.0 
10 66 4.3 7.45 840.0 147.35 5.70 4.0 
15 67 4.3 7.30 762.5 148.95 5.12 4.0 
20 67 4.5 7.00 680.0 153.15 4.44 4.0 
25 68 4.4 6.95 602.5 153 . 15 3.93 4.0 
30 71 5.0 6.90 582.5 I 57. I 5 3. 71 5.0 
35 73 5.5 6.65 527.5 162.30 3.25 5.0 
40 74 6.0 6.60 490.0 163.00 3.00 5.0 
CPC 
5 70 4.5 7.70 945.0 156.75 6.03 2.5 
10 71 5.0 7.30 810.0 155.95 5.19 3.0 
15 72 5.5 7.30 632.5 156.65 4.04 4.0 
PC 
5 67 4.0 7.75 1032.5 148.90 6.93 2.0 
10 68 4.3 7.85 957.5 149.55 6.40 2.5 
15 69 4.5 7.50 692.5 152.15 4.55 3.5 
awF = Scout 66 wheat flour. 
BF = Great Northern bean flour. 
CPC =Protein concentrates (pilot plant scale). 
PC= Protein concentrates (laboratory scale). 
bExcellent = I, good= 2, fair= 3, poor= 4, vcty poor= 5. 
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Bread Evaluation 
Loaf volume (Table 24 and Figure 27) decreased with increasing concentration of 
BF, CPC, or PC except for the samples with 5 and 10% PC. As the concentration of BF in-
creased, the crust color darkened progressively. This effect was more pronounced at BF 
concentrations of 15-40%. Similar but less striking effects were observed with the addition 
of CPC and PC. Increased crumb grain roughness accompanied by thickening of cells, in-
creased greyish-yellow crumb color, reduction in break and shred were noted with increased 
concentrations of BF, CPC, or PC. The differences in volume of PC-WF and CPC-WF 
blends were probably due to the different processing conditions employed for the prepara-
tion of PC and CPC. In the preparation of CPC, centrifugation was at 5,000 X g followed 
by ultra-filtration (MW cut-off of about 35,000 daltons) at 50°C; while in the case of PC 
preparation, centrifugation (10,000 X g, 30 min) was followed by dialysis at 4°C (MW 
cut-off of about 8,000 daltons). The extraction conditions forCPC (30 min at 21°C) 
and PC (24 hat 4°C) were also different. The small molecular weight proteins, thus, 
might have been removed through ultrafiltration during CPC preparation as compared to 
the PC preparation. Additionally, CPC proteins may have been denatured more than in 
PC due to higher temperature (50°C) encountered during CPC preparation. These factors 
may have been responsible for the differences in loaf volume observed. 
The taste test revealed that the breads containing BF, CPC, and PC at concentra-
tions greater than 20%, at 10 and 15%, and at 15%, respectively, had distinct beany 
and bitter flavor. Breads containing 5% CPC and 5% and 10% PC registered the highest 
scores among all the experimental samples, indicating the possible utilization of these 
inexpensive plant proteins for bread making. Incorporation of protein concentrates 
offers additional advantage over the bean flour, in that they can increase more protein 
than bean flour for weight for weight replacement of wheat flour. Sosulski and 
Fleming (1979) had to replace 2% wheat flour by gluten and also used I% surfactant 
in addition to 3% shortening in order to incorporate plant protein concentrates in 
bread. In our investigation, however, replacing wr by CPC (5% by weight) and PC 
(5 and 10% by weight) could yield breads comparable to control without the addition 
of any surfactant or gluten. 
Figure 27. Breads prepared from blends of Scout 66 wheat nour (WF) and the 
Great Northern bean f1our (BF) of 5, 10, 15, 20, 25, 30, 35 , and 40% replacement, 
protein concentrates (pilot plant scale preparation) (CPC) of 5, 10, and 15% 
levels, and protein concentrates (laboratory scale preparation) (PC) of 5, 10, 
and 15% levels. 

SUMMARY 
The Great Northern bean (Phaseolus vulgaris L.) proteins were concentrated. 
The rheological and baking properties of the blend of wheat flour and protein con-
centrates were compared with those of the blend of wheat flour and the bean flour. 
The addition of the bean flour or protein concentrates to the wheat flours caused an 
increase in water absorption and a decrease in mixing time, dough stability, and 
mixograph peak height. Load-extension curves for wheat flour-bean flour blends 
indicated a decreased resistance to extension with increased concentration of the 
bean flour. However, the resistance to extension (for a fixed bean flour level in the 
blend) increased with an increase in resting time. The addition of the bean flour was 
detrimental to the dough and bread quality above the 10% level. Breads prepared 
with added protein concentrates(± 10%), however, were more acceptable than those 
prepared with added bean flour(± 10%). 
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PART IG. FERMENTATION OF THE GREAT NORTHERN 




Fermentation has long been recognized as one of the means of preserving 
foods. However, preservation is not always the purpose of fermentation. Fermenta-
tion has been employed to develop desirable characteristics such as flavor and texture. 
Important fermented foods in mid-Asia, the Middle East, and Africa have been re-
cently reviewed. Idli is a popular fermented food of south India-the fermentation 
inoculum being the natural flora in the starting materials (Hasseltine 1979). ldli is a 
fermented steamed food product made from two parts of rice and one part of black 
gram dhal (cotyledons), and is usually used as a breakfast food (Hasseltine 1979). 
However, black gram to rice ratios ranging from 4:1-1 :3 have been reported to yield 
satisfactory idli (Steinkraus et a!. 1967). 
Several studies investigating physicochemical changes during fermentation 
(Desikachar et al. 1960), effects of varying the black gram and rice proportions on 
quality of idli (Radhakrishnamurty et al. 1961), leavening (Mukherjee et al. 1965), and 
nutritive value (Khandwala et al. 1962; vanVeen et al. 1967; Padhye and Salunkhe 1978) 
have been reported. 
Steinkraus et al. (1967) reported that substitution of black gram was possible 
with dehulled Clark soybeans (Suja lllax) and common bean (Phaseulus vulgaris) 
cotyledons resulting in new idli-like products. The present investigation reports certain 
physicochemical changes accompanying fermentation of the Great Northern bean and 
rice blends. 
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MATERIALS AND METHODS 
Polished Texas long-grain rice was purchased from a local grocery store. 
Fermentation 
The Great Northern beans (with seed coat on) and rice were washed with dis-
tilled water at room temperature (21 °C) to remove adhering dust. The following blends 
were investigated: bean-to-rice ratio of 1: I, 1:2, and beans alone (ratios on a dry 
weight basis). The amount of water employed for woaking was 1.5 times that of the 
dry weight of blend/beans. Soaking was accomplished in 2 h at room temperature 
(21 °C). The blends or beans were then ground to a fine paste in a Waring blend or. To 
this batter was then added 1% (on batter weight basis) salt. The batters were then 
divided into suitable portions, covered with aluminum foil, and fermented at 30°C in 
an incubator for 45 h. Appropriate samples in duplicates were removed at 0, 4, 8, 
16, 20, 28, 40, and 45 h intervals for physicochemical analyses. The volume rise was 
noted in measuring cylinders (without removing them from the incubator) at the above-
mentioned time intervals (original volume in each case being 100 ml). The pH de-
terminations were made on the batters while the other set of samples was immediately 
freeze-dehydrated. The freeze-dehydrated portions were employed for sugar analyses, 
electrophoretic analysis, and scanning electron microscopic observations. 
Total Sugars 
Five g of freeze-dehydrated samples corresponding to time intervals of 0, 4, 
8, 16, 20, 28, 40, and 45 h were extracted with 80% EtOH in a water bath (80°C) 
six times (I h each extraction) by the method of Hymowitz et al. (1972). Total 
sugars were determined on aliquots employing the method of Dubois et al. (19 56). 
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Reducing Sugars 
One g of the freeze-dehydrated samples corresponding to the time intervals of 
0, 4, 8, 16, 20, 28, 40, and 45 h were extracted with water for 12 h at 4 °C, cen tri-
fuged (5,000 X g, 30 min). Reducing sugars on a!iquots of supernatants were determined 
according to the method of Sumner ( 1924 ). 
Electrophoresis 
One g of freeze-dehydrated samples was dialyzed (after dispersing the samples 
in 10 ml of distilled water) against distilled water (48 h, 4°C, six changes of distilled 
water) and freeze-dehydrated. Ten mg of samples were then dissolved in 2 ml of 
sample solution, incubated for 12 hat room temperature (21°C), centrifuged (5,000 
X g, 30 min) and the supernatants (50-100 wl) were electrophoresed by the method of 
Weber and Osborn ( 1969). Electrophoresis was conducted for 5 h (6 rnA/gel) in 
0.5 X 4.5 em gels (1 0% monomer concentration of acrylamide). 
Scanning Electron Microscopy 
Appropriate samples were prepared for the scanning electron microscopic studies 
as follows. A small piece of freeze-dehydrated sample was placed on an aluminum 
stub (which had double-stick tape on it) and coated with gold-palladium alloy in a 
Polaron E 5000 Sputter Coater (U.K.). The coated samples were viewed and photo-
graphed in an AMR I OOOB Scanning Electron Microscope (Cambridge, Massachusetts) 
at an accelerating voltage of 20 KV and suitable magnification(s). 
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RESULTS AND DISCUSSION 
Product 
The fermented steamed product (Figure 29) (bean:rice = 1:2 w/w) was com-
parable to the conven tiona] product (black gram-rice blend) (Figure 28) in several 
attributes such as color, sponginess, and texture. However, the flavor of the product 
was somewhat different than that of the conventional product. The product prepared 
from the Great Northern bean and rice blend was structurally similar to the conventional 
product except for more stickiness on top. Susheelamma and Rao (1974, 1978a, 1978b, 
1979) have reported a globular protein and an arabinogalactan type polysaccharide 
(mucilage) to be responsible for the texture (sponginess) and its stabilization, respectively. 
They also reported that at high concentrations of either black gram flour or arabinogal-
actan, texture was adversely affected. We have observed (unpublished data 1979) that 
the Great Northern bean Dour dispersed in water results in sticky dispersion. Scanning 
electron microscopic observations on the fermented batter (20 h) (Figure 31) indicated 
that starch was not completely degraded during fermentation. The fermented steamed 
product (Figure 32) also had residual starch which was in contrast to the observation 
of the conventionally prepared product reported by Reddy and Salunkhe (I 980). Thus 
the residual starch and the possible presence of polysaccharides might have contributed 
to the stickiness of the surface. 
Steinkraus et al. (1967) reported that the idli-like product could be prepared 
by substituting black gram dhal with soybean and common bean cotyledons. Observa-
tions in the present investigation indicated the possibility of incorporation of whole 
Great Northern beans which may offer the additional advantage of roughage. 
Physicochemical Changes During Fem1entation 
Both the bean-rice blends (I: I and I :2 w/w) followed similar patterns (Tables 
25 and 26) with respect to volume rise, pH changes, and changes in total sugars and 
reducing sugars. Both the blends had the highest volume rise at 24 h (not shown in 
Figure 28. Fermented (20 h) steamed product prepared from the black gram-
rice blend (1: 1 w/w). 
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Figure 29. Fermented (20 h) steamed product prepared from the Great Northern 
bean-rice bl~encd. (A= 1:1 (w/w), B = 1:2 (w/w). The lower photograph is a cross 
section take:n with a sharp knife.) 

Figure 30. Scanning electron photomicrograph of unfermented Great !'-JOl them 
bean-rice (1 :2 w/w) blend. (A= 500 X, B = 1,000 X. S = starch granule, 
P = protein.) 

Figure 31. Scanning electron photomicrograph of fermented (20 h) Great 
Northern bean-rice (1 :2 w/w) blend. (A= 500 X, B = 1,000 X. S = starch 
granule, P == protein.) 

Figure 32. Scanning electron photomicrograph of fermented (20 h) steamed 
product prepared from the Great Northern bean-rice (1 :2 w/w) blend. A= 
120 X, B = 500 X, C = 1,000 X. S = starch granule, P = protein, V = air void. 
Note the rupture of the protein network due to steaming.) 

Figure 32. Continued. 
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pH Total Sugarsa Reducing Sugarsa 
mg/g mg/g 
0 100 6.31 39.67 10.83 
4 102 6.25 52.50 18.17 
8 102 6.19 120.83 24.75 
16 102 5.70 88.33 30.75 
20 Ill 5.61 53.42 24.17 
28 126 5.45 24.00 8.58 
40 100 5.40 14.00 8.00 
45 100 4.90 30.00 5.75 
aExpressed on a dry weight basis. 
Table 26. Physicochemical changes in the Great Northern bean-rice (1 :2 w/w) blends 
during fermentation. 
Time Batter Volume pH Total Sugarsa Reducing Sugarsa 
h ml mg/g mg/g 
0 100 6.24 44.17 8.50 
4 103 6.18 47.92 15.13 
8 103 6.13 63.33 21.13 
16 108 5.65 60.42 22.25 
20 137 5.61 23.33 4.88 
28 156 5.60 40.83 2.00 
40 110 5.05 13.33 2.25 
45 100 4.57 7.08 3.25 
aExprcsscd on a dry weight basis. 
the tables). When only beans were fermented, however, the maximum volume rise 
was observed at 20 h (Table 27). The pH profile of the bean fermentation was also 
different than those of the blends. The pH first decreased {up to 4.82) and then in-
creased to 5.80, which might have been due to the growth of putrifactive bacteria 
(putrid smell was detected) during the later part of fermentation. 
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Electrophoretograms (Figures 33, 34, 35) indicated that the proteins were 
hydrolysed to a certain extent during fermentation. However, no significant reduction 
in major subunits was observed. These observations paralleled those reported by Padhye 
and Salunkhe (1978). 
Scanning Electron Microscopy 
The scanning electron photomicrographs of 0 h and 20 h Great Northern bean 
and rice (1 :2 w/w) fermented batters and 20 h fermented steamed product are presented 
in Figures 30, 31, and 3 2. Starch granules and proteins can be seen in all the samples. 
In the fermented steamed product (Figure 32), only a few starch granules could be 
seen as compared to 20 h fermented batter (Figure 30), which may be partially 
attributed to steaming. Reddy and Salunkhe ( 1980), however, observed the complete 
disappearance of starch granules in the fermented steamed product prepared from the 
conventional black gram-rice blend (1: I w/w). There were significant differences in 
textural characteristics between 20 h fermented batter and the fermented steamed pro-
duct. The spongy texture of the steamed product (Figure 32) had a fine network of 
protein with air voids. The starch granules appeared to be em bedded in the fine 
network. The broken surfaces observed may be primarily due to internal stress caused 
by the evaporating moisture due to stean1ing, resulting in rupture of the weak surfaces. 
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Table 27. Physicochemical changes during the Great Northern bean fermentation. 
Time Batter Volume pH Total Sugarsa Reducing Sugarsa 
h ml mg/g mg/g 
0 100 6.65 74.58 20.00 
4 102 6.60 89.17 31.88 
8 104 6.57 90.42 38.13 
16 160 4.84 60.00 21.13 
20 172 4.82 40.00 24.13 
28 162 5.55 50.42 28.00 
40 150 5.60 47.08 35.75 
45 144 5.80 51.67 38.38 
aExpressed on a dry weight basis. 
Figure 33. Electrophoretograms of the Great Northern bean-rice (1: 1 w/w) blends 
at fermentation time. (A= 0 h, B = 4 h, C = 8 h, D = 16 h, E = 20 h, F = 28 h, 










Figure 34. Electrophoretograms of the Great Northern bean-rice ( 1:2 w/w) blends 
at fermentation time. (A= 0 h, B = 4 h, C = 8 h, D = 16 h, E = 20 h, F = 28 h, 





I . (.) 
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Figure 35. Electrophoretograms of the Great Northern bean proteins during 
fennentation. (A= 0 h, B = 4 h, C = 8 h, D = 16 h, E = 20 h, F = 28 h, G = 40 h, 












Black gram (Phaseolus mungo L.) cotyledons could be substituted by the 
Great Northern bean (Phaseolus vulgaris L.) whole seeds in preparation of idli. The 
products prepared from the conventional blend (black gram:rice = 1: 1 w/w) and the 
Great Northern bean-rice blend (1 :2 w/w) were comparable. The latter had a somewhat 
different flavor and a sticky top surface. Physicochemical changes in the Great Northern 
bean-rice blends (1: 1 and 1:2 w/w) paralleled each other, while those in the fermentation 
of beans alone were different as compared to the changes in the blends. No significant 
hydrolysis was observed in the major proteins in all the batters studied in the 45 h 
fermentation. Scanning electron microscopic observations indicated that the starch 
granules were resistant to both the fermentation and the steaming. 
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PART IIA. ISOLATION, PARTIAL CHARACTERIZATION, AND 




Legumes contain about 60% carbohydrates including starch, reducing and non-
reducing sugars, oligosaccharides of the raffinose family, and others. Starch constitutes 
the major portion of legume carbohydrates. Cerning-Beroard and Filiatre (1976) 
studied the carbohydrate composition of horsebeans, smooth and wrinkled peas, and 
lupine seeds. They found that the average starch content of horsebeans, smooth and 
wrinkled peas, and lupine seeds was 41.0, 48.0, 33.0, and 0.4%, respectively. Naivikul 
(1977) reported the starch content range to be 50.9-52.9% (moisture free basis) in 
navy bean, pinto bean, fababean, lentil, and mung bean. Schoch and Maywald (1968) 
discussed the difficulties encountered in the separation of horsebean starch. They 
attributed these difficulties to the presence of a highly hydrated fine fiber fraction 
(presumably from the cell walls enclosing the starch granules) and high content of in-
soluble proteins. Halbrook and Kurtzman (1975) studied the water uptake by the 
Great Northern bean starch at high (80-148°C) temperatures. Recently, Lai and 
Varriano-Marston (1979) reported certain physicochemical characteristics of black 
bean starch. 
The purpose of the present investigation was to isolate the Great Northern bean 
starch and to study certain physicochemical properties of the unmodified and modified 
starches. 
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MATERIALS AND METHODS 
The residue obtained after preparing the protein concentrates on the pilot plant 
scale (as described in Part IF) was thoroughly washed with distilled water and freeze-
dehydrated, and was referred to as crude starch. All the chemicals were reagent grade 
(unless mentioned otherwise). All the analyses were performed in triplicate and means 
reported (with the exception of pasting properties experiments which were conducted 
in duplicate). 
Isolation of Starch 
The preparation of the bean flour was described in Part lA. This bean flour 
(20 mesh) was used. Three kilograms of bean flour were extracted sequentially with 
different solvents to obtain starch. The schematic diagram for the process is presented 
in Figure 36. 
Microscopy of Starch 
The purified starch was studied microscopically by employing both light and 
scanning electron microscopes. For light microscopic studies, starch was moistened 
with a drop of distilled water. A calibrated eyepiece lens (152.5 )1) (calibrated against 
a stage micrometer) was employed for the measurements of starch granule size at a 
magnification of 344. The starch granules were studied for size, shape, hylum, and 
lamellae. The size measurements were made on 25 representative granules. 
Starch samples for scanning electron microscopic studies were prepared as 
follows. Starch was sprinkled on an aluminum stub (with double-stick tape on it) and 
was coated with a gold-palladium alloy completely in a Polaron E 5000 Sputter Coater 
(U.K.) and the specimens observed in an AMR 1 OOOB scanning electron microscope 
(Cambridge, Maryland, U.S.A.) at 20 KV accelerating voltage and suitable magnifica-
tion(s). 
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Hydrolysis of Starch 
Starch was hydrolysed by two different a-amylases (from hog pancreas, type 
VI-A, and from malt, type V-A, both from Sigma Chemical Company , St. Louis, 
Missouri) according to the method described by Decker (1977). Maltose hydrate 
146 
(Grade II, Sigma Chemical Company, St. Louis, Missouri) served as reference standard. 
The starch to enzyme ratio in each case was I: I (w/w). Liberated maltose was 
measured, after inactivating the enzyme (heating in boiling water bath for 3 min), 
colorimetrically (3 ,5-dinitrosalicylic acid as color reagent) at 540 nm in a Beckman-DB-G 
spectrophotometer. Maltose equivalent was determined at time intervals of 0, 15, 30, 
60, 90, and 120 min. TI1e incubation was, in both cases, at pH 7.0 and at temperature 
of 21 °C. 
Modification of Starch 
Acetylation: TI1e method of Wurzburg (1964) was followed. One hundred g 
of starch were dispersed in 500 ml of distilled water and magnetically stirred for 30 
min to obtain a unifonn suspension. TI1e pH of the slurry was adjusted to 8.0 with 
1 N NaOH. Acetic anhydride (I 0.2 g) was then added slowly to this slurry, maintain-
ing constant stirring and monitoring the pH between 8.0-8.4. The reaction was allowed 
to proceed for an additional 5 min after completion of the acetic anhydride addition. 
The pH of the slurry was finally adjusted to 4.5 with 0.5 N HCl, filtered through 
Whatman filter paper #4. The residu e was then washed five tim es with distill ed water 
and freeze dehydrated . 
Oxidation : A uniform slurry of starch (100 g starch in 500 ml distilled water) 
was prepared as in acetylation. Oxidation of the purified starch was accomplished by 
the method of Hullinger ( 1964 ). The pH of the slurry was first adjusted to 9.0-9.5 
with 3% aqueous NaOH and 10 g of NaOCI were added slowly (over a period of 90 
min) while maintaining the magnetic stirring and constantly monitoring the pH between 
9.0-9 .5. Cooling was provided (crushed ice with NaCl) simultaneously. The reaction 
was allowed to proceed for 4 h after the NaOCI addition was completed, pi! adjustt.:d 
to 7.0 with 0.5 N HCl , and the slurry was filtered through Whatman filter paper #4. 
The residue was washed five times with distilled water and freeze dehydrated. 
Moisture 
The moisture content of the samples was determined by the A.A.C.C. method 
44-15 (1962). 
Proteins 
Protein content of the appropriate samples was determined by the Kjeldahl 
method (N X 6.25). 
Fat 
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The method followed was that of Schoch (1964 ). Starch (5 g) was hydrolyzed 
with 8 N HCl solution for 1 h on a boiling water bath. After successive extraction of 
fat with ether and petroleum ether, the solvents were evaporated on a hot water bath 
(80°C) and the nearly dry samples were then dried in an oven (100°C) for 20 min 
followed by three successive extractions with carbon tetrachloride (1 0 ml each time). 
The combined extracts were filtered and the solvent evaporated on a hot water bath 
(80°C). The beakers (previously weighed) containing the nearly dry samples were dried 
in an oven (100°C) for 30 min and weighed. The difference was interpreted as the 
weight of fat. The fat content was reported on a dry weight basis. 
Amylose Content 
Amylose content of the purified starch was determined by the procedure of 
Wolf et al. (1970) with slight modifications. Pure amylose (Potato, Type III, Sigma 
Chemical Company , St. Louis, Missouri) served as the standard . Starch was dissolved 
in 90% (v/v) dimethyl sulfoxide and 0.2, 0.5, and 1.0 ml portions were assayed for 
the amylose content. The starch concentration in 90% dimethyl sulfoxide was 100 
mg/100 ml. One ml of each of0.005 N KI03 , 0.016 Kl, and 0.5 N HCI were then 
added to a total of 1 ml of standard/sample and final volume (9 ml) made up with 
distilled water. Absorbance was read at 6 I 5 in a Beckman DB-G spectrophotometer. 
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Water and Oil Absorption 
Water and oil (Crisco vegetable cooking oil, density = 0.8888 g/ml) absorption 
capacities of the purified starch and the modified starches were determined by the 
centrifugal method (Beuchat 1977). One g of sample was mixed with 10 ml of 
distilled water/oil (Vari-Whirl, mixing control, "fast") for 30 s, allowed to stand for 
30 min at room temperature (21 °C), centrifuged at 5,000 X g for 30 min, and the 
volume of the supernatant noted. Density of distilled water was assumed to be 
I g/ml. Results were expressed on a dry weight basis. 
Pasting Properties 
Starch gelatinization curves were obtained by the method of Sandstedt and 
Abbott (1964). Starch (20 g, dry weight basis) was suspended in 350 ml of distilled 
water in a Waring blendor. CMC (cellulose gum 7 HP, Hercules Powder Company, 
Wilmington, Delaware) was added (3.6 g) with gentle stirring over 30 s to this sus-
pension , blended for 1 min, and poured into the amylograph bowl. The blender was 
then rinsed with 100 ml distilled water and the water was added to the amylograph 
bowl. The temperature of this starch-CMC suspension was then raised from 25°C to 
95°C at a rate of 1.5°C/min, held at 95°C for 15 min, and then cooled uniformly to 
50°C (1.5°C/min) . l11c blank curve for CMC was prepared similarly (with J.o g of 
CMC alone) and subtracted from the starch-CMC curves. 
Gelation 
The method of Coffmann and Garcia (1977) was employed with slight modifi-
cations. Purified starch suspensions of I, 3, 5, 7, 9, 11, 13, 15, 17, and 20% (w/v) 
were prepared in 5 ml distilled water and the test tubes were heated in boiling water 
bath for I h followctl by rapiJ cooling untler running colt! tap water. The test tubes 
were further cooled for 2 h at 4°C. Least gelatinization concentration was detem1ined 
as that concentration when the sample from the inverted test tube did not fall down or 
slip. 
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Degree of Substitution 
The degree of substitution (D.S.) for the acetylated starch was determined 
according to Wurzburg (I 964). Starch (5 g) was dispersed in 75% aqueous ethanol 
and warmed for 30 min on a water bath (50°C), cooled to room temperature (21 °C), 
and 25 ml of I N NaOH added. The stoppered flasks were then allowed to stand for 
72 h with occasional shaking at room temperature (21 °C). Excess NaOH was back 
titrated with I N HCI. The flasks were allowed to stand at room temperature (21 °C) 
for 2 h and the titration completed. A blank with pure starch was conducted con-
currently and the D.S. calculated as follows : 
o/c 1 _ (ml blank - ml sample) X normality of HCl X 0.43 X 100 0 
Acety - Weight of sample (g) dry basis 
D S = 162 X % Acetyl 
· · 4300 - (42 X % Acetyl) 
RESULTS AND DISCUSSION 
Composition and Yield 
The data on composition and yield are presented in Table 28. The purity of 
the isolated starch was judged on the basis of composition and microscopic obseiYa-
tions. The yield of the Great Northern bean starch was 18.23% (on the bean flour 
basis). Naivikul and D'Appolonia (1979) reported yields of 40.3, 38.3, 39.9, 42.5, 
and 34.5% for navy bean, pinto bean, faba bean, lentil, and mung bean starch, re-
spectively. Schoch and Maywald (1968) obtained starch yields of 27, 38, and 37% 
from navy bean, len til, and mung bean seeds, respectively. Lineback and Ke (197 5) 
reported 37% starch yield from horsebean flour. The differences in yields have been 
attributed to the methods opted for starch isolation (Naivikul and D'Appolonia 1979). 
A yield of 18.23% in the present investigation, which was lower than those of navy 
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and pinto beans, in both Phaseolus vulgaris species may be primarily due to the method 
of isolation. 
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Granule Size and Microscopic Appearance 
The shape, size, and bifringence of starch granules are often representative of the 
plant species and its maturity (Manners 1974). Several fields were observed and 
measurements of 25 representative granule sizes were made. The range of granule 
size was about 12 X 12 ]lm to 58 X 40 ]lm (length X width) which was in close agree-
ment to the ranges reported by Naivikul and D'Appolonia for navy and pinto bean 
starches (12-36 and 16-28 ]lm for width, 12-40 and 16-40 ]lm for length, respectively, 
for navy and pinto bean starch granules). The shape of the Great Northern bean 
starch granules was quite variant, ranging from small round to large oval to irregular. 
Some granules were concave. Similar observations have been reported by Lineback 
and Ke (1975) on chick pea and horsebean starches, and by Lai and Varriano-Marston 
(1979) on black bean starch. 
IJght microscopic observations (Figure 37) of the starch granules revealed the 
presence of hylum and lamellae. In general, the hylum paralleled the longitudinal axis 
of the starch granule; however, in the case of spherical granules, such distinction could 
not be made. Hylum was absent on some granules; however, lamellae were observed 
in all the granules viewed. Hylum was found to possess different shapes and varying 
lengths. Similar observations have been reported on starch grains of Phaseolus species 
(Dhaliwal et al. 1964) and lima beans (Salunkhe and Pollard 1955a, 1955b; Salunkhe 
1957). 
Scanning electron photomicrographs are presented in Figure 38. As can be seen 
from these photographs, starch granules appear to be round, oval, and elliptical. The 
surfaces appeared to be smooth. The lamellae observed in the light microscopic view 
(Figure 37) were not evident in the scanning electron microscopic observations on 
starch granules. This may have been due to the dehydrated state of starch granules 
in scanning electron microscopy samples versus the hydrated state in light microscopy. 
Some starch granules were doughnut shaped. McEwen et al. ( 1974) and Schoch and 
Maywald (1968) reported similar observations on legume starches. The cell wall 
(Figure 39) structure enveloped the starch granules and all the cell walls were not mp-
tured during the extraction procedure, indicating their resistance towards the extraction 
conditions. However, only a few cell walls were observed. 
Figure 37. Light photomicrograph of the Great Northern bean starch (244 X). (Note 
the different shapes of the starch granules and the presence ofhylum and lamellae 
on the starch granules.) 
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Figure 38. Scanning electron photomicrographs of the Great Northern bean starch. 
(A= 500 X, B = I ,000 X, C = 2,000 X. Note the different shapes of the starch 
granules. The hylum and lamellae which were observed under the light microscope 
(Figure 37) are absent here due to the dehydrated state of the sample.) 
A 
c 
Figure 39. Scanning electron photomicrograph of the cell wall (2,000 X). 
(Note the starch granules are enveloped by the cell wall.) 
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Amylose Content and Starch Hydrolysis 
The amylose content of the Great Northern bean starch was 10.2% (on the 
starch basis) which was comparable (in order) to that reported in Amsoy 71 soybeans 
(15-20%) by Wilson et al. (1978). The results of the starch hydrolysis employing 
a-amylases are presented in Figures 40 and 41. Hog pancreatic a-amylase hydrolysed 
8.2% starch, which was higher than that by a-amylase from malt in a 2 h period at 
room temperature (21 °C). This difference may be due to the difference in the activ-
ities of enzymes used (11 mg maltose and 3.3 mg maltose liberated per mg of enzyme 
in I min at 20°C at pH 6.9 for hog and malt a-amylase, respectively). The low degree 
of hydrolysis may be due to the starch nature (uncooked raw starch was employed) 
and a relatively low temperature (21 °C) during incubation. 
Water and Oil Absorption 
The water and oil absorption data are embodied in Table 29. Modifications did 
not improve both water and oil absorption capacity of starch. The purified starch had 
oil and water absorption capacity of about 2.9 g/g and 2.93 g/g, respectively. Halbrook 
and Kurtzman (1975) have reported a water uptake of about 5.0 g/g and about 3.0 
g/g at 121 °C and 80°C, respectively. Our results of water absorption (2.93 g/g at 
21°C for the purified starch) were comparable to theirs (at 80°C). The high water 
absorption at 21 °C observed in the present investigation may have been due to the 
nature of the starch and a possible contribution to water absorption by the cell wall 
material(s) which was not removed completely. Comer and Fry (1978) have reported 
cold water absorption of the purified pea starch to be 92-l 05%, and reported that the 
water uptake was a function of temperature. 
Pasting Properties and Gelation 
The amylograms are plots for the corrected viscosity (Figure 42). The data 
are summarized in Table 30. Peak heights were not reported as the amylograms did 
not have distinct peaks. With the exception of the oxidized starch, all other samples 
followed similar patterns. The change in viscosity after holding for 15 min at 95°C was 
Figure 40. Light photomicrograph of a-amylase (hog pancreas) attack on the Great 
Northern bean starch granule. (A= 0 h, B = 2 h. The magnification of Figure B 
was 2.5 times that of A. Note the degradation of starch granule due to a-amylase 
attack (Figure B).) 
A 
B 
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rather slow, except for the oxidized starch, in which case it decreased sharply during the 
cooling cycle. The gelatinization temperature range (65.5-68.5°C) of the purified Great 
Northern bean starch was comparable to those of faba bean (66°C), lentil (68°C) 
(Naivikul 1977), garbanzo bean (65-71 °C), smooth pea (65-69°C), red kidney bean 
(64-68°C), and mung bean (63-69°C) (Biliaderis et al. 1979), and black bean (63.8-76°C) 
(Lai and Varriano-Marston 1979) starches. The trend of the purified starch curve was 
characteristic of the restricted swelling type starches. The viscosity behavior of the 
oxidized starch was characteristic of the hypochlorite oxidized starches which show a 
greater degree of fluidity . The tendency to set back on cooling is minimized in oxidized 
starches due to the presence of functional groups that block the association tendencies 
of the starch chains (Scallct and Sowell 1967). The gelation studies indicated that 
purified starch could yield stable gels at concentrations of 7% or above (w/v). 
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aviscosity of the corrected starch curve (in Brabender Units) at the end of the 15 min 
period of holding at 95°C. 
bviscosity at 50°C (in Brabender Units) during the cooling cycle. 
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The yield of the Great Northern bean starch was 18.23% (bean flour basis). 
The starch granule size ranged from 12 X 12 ~m to 58 X 40 ~m (length X width). 
The shape of the starch granules was round to oval to elliptical, and in some cases, 
concave as well. Lamellae were present on all the starch granules observed. Amylose 
content of the starch was 10.2% (starch basis). Hog pancreatic a-amylase hydrolyzed 
more starch than did malt a-amylase under similar conditions. The Great Northern 
bean starch had good water and oil absorption capacities at room temperature (21 °C). 
The bean starch formed a stable gel at concentrations of 7% and above (w/v). The 
viscoamylographic studies of the isolated starch indicated the restricted-swelling char-
acter of the bean starch. 
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PART liB. INVESTIGATIONS ON THE GREAT NORTHERN BEAN STARCH: 
SOLUBILITY, SWELLING, INTERACTION WITH FATTY ACIDS, AND 
ALKALINE WATER RETENTION CAPACITY OF BLENDS 




Starch constitutes a major portion of carbohydrates in dry beans. Swelling, 
solubility, pasting, and cooking properties of starch are important for starch function-
ality. Environmental factors such as temperature, pH, ionic strength, presence or 
absence of certain other food constituents may affect the starch performance in the 
food system. 
Since monoglycerides are used in the manufacture of mashed potatoes and 
bread (to retard staling of bread), studies on the relationship between starch gelatiniza-
tion and lipids have been reported (Yasumatsu and Moritaka 1964 ). Starch-lipid inter-
actions have been studied by several investigators. Such studies, however, have been 
predominantly on tuber and cereal starches, such as potato (Leach et al. 19 59; 
Yasumatsu and Moritaka 1964; Goto 1972), corn, (Leach et al. 1959; Osman and Dix 
1960; Goering et al. 1975; Orthoefer 1976; Goto 1972; Melvin 1979), wheat (Jackson 
and Landfried 1965 ; Medcalf et al. 1968; Longly and Miller 1971; Go to 1972; Melvin 
1979), milo (Leach et al. 1959), barley (Goering et al. 1975), and rice (Ohashi et al. 
1980). The complete mechanism of starch-lipid interaction is far from understood ; 
however, amylose fraction has been shown to complex with lipids (Leach 1965 ; 
Mercier et al. 1980; Davies et al. 1980). 
The purpose of the present investigation was to study the swelling and solubility 
characteristics and the effects of added fatty acids on gelatinization of the Great Northern 
bean starch. Alkaline water retention capacity of the bean starch-wheat flour blends was 
also studied. 
MATERIALS AND METHODS 
The isolation and modification of the Great Northern bean starch were de-
scribed in Part IIA. The source of wheat flours was reported in Part IF. Free fatty 
acids (palmitic, stearic, and linoleic) were purchased from Sigma Chemical Company, 
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St. Louis, Missouri, and were used without further purification. All the other chemicals 
were of reagent grade. All the analyses were performed in triplicate with the exception 
of pasting properties studies (conducted in duplicate), and means reported. 
Solubility and Swelling 
The modified method of Schoch (1964) was employed. Starch was dispersed 
in distilled water (I% w /v). The resultant slurry was heated at the desired temperature 
for 30 min in a water bath, cooled to room temperature (21 °C), and centrifuged 
(5,000 X g, 15 min). Aliquots of the supernatant (5 ml) were dried at 110°C (until 
constant weight was reached) to determine the solubility (%) of starch. Analyses were 
performed in triplicate and means reported on a dry weight basis. The residue (along 
with the water retained) was weighed in situ (W2). The test tubes containing starch 
alone were weighed prior to adding the distilled water (W 1 ). Swelling of starch (dry 
weight basis) was calculated as follows. 
Swelling (%) 
W 2 - WI (g) X 100 
Weight of starch (g) 
Analyses were perfonned in triplicate and means reported. 
To determine the effect of pH on swelling and solubility of the starch, the 
slurries (I % w/v) were prepared in distilled water and the pH adjusted to a desired 
value with 0.1 N HCl and/or 0.1 N NaOH. The slurries were then allowed to stand at 
room temperature (21 °C) for an additional 30 min, centrifuged (5,000 X g, 15 min), 
and the swelling(%) and solubility (%) determined as described above. All the 
analyses were performed in triplicate and means reported. 
Impregnation of Fatty Acids on Starch 
The modified method of Ohashi et al. (1980) was followed. Purified starch 
(30 g, dry weight basis) was dispersed in 150 mi of distilled water and magnetically 
stirred for 2 h at room temperature (2I °C) prior to the addition of fatty acids. The 
fatty acids (palmitic, stearic, and linoleic) were dissolved in methanol (5·1 0 ml), 
saponified by a small amount of I N NaOH, and added to the starch slurry (I% fatty 
acid concentration on a starch weight basis). The slurries were then heated at 60°C 
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(in a water bath) for 3 h with constant mechanical shaking, cooled to room temperature 
(2I°C), and centrifuged (10,000 X g, 30 min, 4°C). The residue was then washed five 
times with distilled water (200 ml each) and resuspended in methanol ( 150 ml) and 
then in petroleum ether (150 ml) at room temperature (21 °C) for 30 min each (to 
remove free fatty acids), and freeze-dehydrated. 
Pasting Properties 
Starch gelatinization curves for the starch impregnated with fatty acids were ob-
tained by the method of Sandstedt and Abbott (1964). The details of the method 
were described earlier in Part IIA. 
Alkaline Water Retention Capacity 
The modified method of Yamazaki (1953) was used. To I g of sample (test 
tube weighed with the dry sample (W 1 )), 5 ml of 0.1 Na1IC03 were added and mixed 
for 30 s in a Whari-Whirl mixer. The samples were then allowed to stand at room 
temperature (21 °C) for 20 min, centrifuged for 15 min at 2000 rpm, and drained for 
10 min at an angle of I0-15° with the horizontal. The test tubes with their contents 
were then weighed (W2), and the alkaline water retention capacity was calculated as 
follows: 
Alkaline water retention capacity (g) W 
- - = W2- 1 g Sample 
All the analyses were performed in triplicate and means reported. 
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RESULTS AND DISCUSSION 
Solubility 
Solubility of starch was observed to be a function of temperature (Figure 43) 
and pH (Figure 44). Acetylation reduced the solubility slightly (probably through in-
creased hydrophobicity) while oxidation of starch increased the solubility at high tem-
perature (90°C) (Figure 43). Solubility characteristics of starch acetates are reported to 
be dependent upon the degree of substitution and degree of polymerization (Kruger and 
Rutenberg 1967). Increased solubility of the oxidized starch in the present investigation 
is in agreement with the observations on corn starch reported by Leach et a!. (19 59). 
The increased solubility in the present investigation was, however, small as compared to 
that reported for corn by Leach et al. (1959). Hypochlorite oxidation is known to 
weaken the starch granule (Leach et al. 1959) which may lead to increased solubility 
(compared to native starch) for the oxidized starch. 
Solubility of starch was dependent upon pH (Figure 44). The purified starch 
had higher solubility at pH 6.0 than either side of it. Acetylated and oxidized starches, 
on the other hand, had higher solubility at acid pH (pH 2.0) than at other pH values 
investigated. The higher solubility of acetylated and oxidized starches at pH 2.0 may 
be due to increased hydrophilic character of these starches at an acid pH as compared 
to at neutral and alkaline pH. 
Swelling 
Swelling of starch was found to be a function of temperature (Figure 45). Acety-
lation caused an increase in swelling, while oxidation reduced it in the temperature range 
of 60-90°C. The pH dependent response of swelling is presented in Figure 46. As can 
be seen from this figure, both acetylation and oxidation reduced the swelling of starch 
granules over a pH range of 2- 10. It appears that swelling of starch granules was in-
fluenced more by the temperature than the pH. 
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Figure 44. Effect of pH on solubility of the Great Northern bean starch. 
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The results of starch gelatinization (impregnated with fatty acids) are presented 
in Figure 47 and Table 31. The gelatinization curves in Figure 47 are for corrected 
viscosity. The addition of fatty acids to the starch raised the gelatinization temperature 
range by 3.5-5.0°C range for both linoleic and palmitic acid, and by the 6.5-8.0°C range 
for stearic acid. The iS min height and 50°C heights were also reduced on the addi-
tion of fatty acids to the starch (Table 31 ). Fatty acids are known to inhibit starch 
granule swelling (Leach et a!. 1959) and this has been suggested to be due to the 
formation of a fatty layer around the starch granule hindering the water penetration 
into the starch granule (Heckman 1977). Literature data are conflicting regarding the 
effects of added fatty acids on starch gelatinization characteristics. Goering et a!. 
(1975) found that added linoleic acid was the most effective in modifying the vis-
cosity curves of corn and barley starches. They did not observe significant differences 
between the effects of oleic and linoleic acid addition. Yasumatsu and Moritaka (1964) 
reported that added linoleic acid resulted in an increase in temperature at which both 
viscosity and size of starch granules increased, in the case of potato starch. Osman and 
Dix (1960) and Orthoefer (1976), on the other hand, reported that different oils had 
little or no effect on the Brabender Amylograph viscosity of corn starch pastes. Our 
observations indicated that added fatty acids did increase the gelatinization temperature 
range and reduced the viscosity during both the heating and cooling cycles of the 
Great Northern bean starch. 
Alkaline Water Retention Capacity 
Extension of wheat 11our in cookie making is one of the possible modes of 
utilizing the Great Northern bean starch. Alkaline water retention capacity has been 
shown to be related to cookie diameter (Yamazaki et al. 1977). We therefore de-
termined the alkaline water retention capacity of wheat flours, the purified starch, and 
the wheat flour-starch blends. The results arc summarized in Table 32. Replacing the 
wheat flour by the Great Northern bean starch resulted in increased alkaline water 
retention capacity of the blends. The rate of increase in the alkaline water retention 
capacity for both the wheat flours was similar. Raspcr and DeMan (1980) have reported 
Figure 47 . Gelatinization curves (corrected for CMC) for: A= purified Great 
Northern bean starch (control); purified Great Northern bean starch impregnated 
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Table 31. Amylogram data on the Great Northern bean starch impregnated with 
free fatty acids. 
Gelatinization 15 min 
175 
50°C Sample 
Temperature Range Heighta Heightb 
oc BU BU 




Stearic acid 72.0-76.5 115 223 
Linoleic acid 69.0-73.5 165 235 
Palmitic acid 69.0-73.5 105 175 
aviscosity of the corrected starch curve (in Brabender Units) at the end of the 15 min 
period of holding at 95°C. 
bviscosity at 50°C (in Brabender Units) during the cooling cycle. 
increased water retention capacity of the wheat flour-starch blends. They attributed 
(partially) this increase in water absorption to the surface area of the starch phase and 
excessive dilution (at high concentrations of starch) of the continuous gluten phase. 
Our observations suggest that in addition to this, the water absorption capacity of the 
native starch may also play an important role in water retention. 
Table 32. Alkaline water retention capacity of the wheat flour-Great Northern bean 
starch blends. 
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Sample Wheat Flour Alkaline Water Retention 
Replaced Capacity a 
(%) (g/g Blend) 












Great Northern bean starch 2.91 
aMean of triplicate determinations. 
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SUMMARY 
The solubility and swelling of the Great Northern bean starch was both tempera-
ture and pH dependent. Acetylation of starch decreased the solubility, while oxidation 
increased the solubility (as a function of temperature). Solubility of purified starch 
was higher at pH 6.0 than either side of it. Both acetylated and oxidized starch had 
higher solubility at pH 2.0 than at other pH values. Acetylation increased the swelling 
while oxidation reduced it, over a temperature range of 60-90°C. Both acetylation 
and oxidation resulted in reduction in swelling of the starch over a pH range of 2-10. 
The addition of fatty acids (palmitic, stearic, and linoleic) to the purified starch re-
duced the Brabender Amylograph®viscosity and raised the gelatinization temperature 
of starch. Replacement of the wheat flours by starch increased the alkaline water 
retention capacity and this increase in alkaline water retention capacity was similar 
for both the wheat flours (all purpose wheat flour and Scout 66 wheat flour). 
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PART IIC. ISOLATION AND PARTIAL CHARACTERIZATION OF A 




Aqueous dispersions of legume flours are known to be sticky. This stickiness 
(high viscosity) poses difficulty in the handling of legume slurries in general. Black gram 
(Phaseolus mungo L.) has been reported to contain a viscous mucilagenous principle 
responsible for the gas-holding and dough-raising qualities (in relation to idli (Susheel-
amma and Rao 1978). They further stated that "other legumes lack this principle and 
hence are considered unsuitable for such food preparations." 
Arabinogalactan type polysaccharides from several sources have been isolated 
including wheat (D' Appolonia et al. 1970; Fincher and Stone 1974; Neukam 1976), 
black gram (Susheelamma and Rao 1974, 1978), soybean (Morita 1965a, 1965b), and 
others (McCready and Gee 1960; Aspinall et al. 1969; Naivik.ul 1977). D' Appolonia et 
al. (1970) studied the effect of water-soluble pentosans of wheat on gluten-starch 
loaves, indicating that arabinoxylan had a detrimental effect on crust color. Wall 
(1971) reviewed the role of water insoluble pentosans of wheat flour from a bread-
making point of view and indicated that although pentosans containing materials con-
stitute only 2-3% of flour, they exert important influences on dougl1 and baking 
properties. He attributed their effects to their hydrophilic character. Patil et al. 
(1975a, 1975b) studied the viscosity properties and molecular weights of water soluble 
pentosans of wheat flour and dougl1s. 
The purpose of the present investigation was to isolate and partially characterize 
the mucilage principle of the Great Northern beans. 
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MATERIALS AND METHODS 
All the analyses were performed in triplicate and the means were reported. 
Isolation of the Polysaccharide 
The Great Northern bean flour (100 g, 20 mesh) was dispersed in 500 ml of 
10% (w /v) trichloroacetic acid (TCA) as described by Susheelamma and Rao (1978) and 
extracted for 6 h at 4°C with constant magnetic stirring. The slurry was then centri-
fuged at 10,000 X g and the residue was similarly extracted twice . Supernatants were 
then combined and precipitated with 75% (v/v) acetone. Acetone was removed by 
filtration (Whatman No. I filter paper) under vacuum. The precipitate was redispersed 
in sufficient volume of 10% (w/v) TCA and reprecipitated and refiltered as described 
above. The precipitate was then washed thoroughly with 75% (v/v) acetone (50 ml 
portions five times), dialyzed against distilled water for 72 h (nine changes of distilled 
water) at 4°C, and freeze-dehydrated. 
Composition 
Protein 
Protein content was determined by the method of Lowry et al. (1951 ). 
Sugars 
Forty mg of the freeze-dehydrated polysaccharide was hydrolyzed in 2 ml of 
N HCI at 95°C for 6 h on a water bath, ncutraJizcd with I N NaOII, and evaporated 
to near dryness on a water bath (95°C). This dry residue was then dissolved in 80% 
(v/v) ethanol (final volume 10 ml), and 50 ].11 were subjected to paper chromatography 
on Whatman No. 1 filter paper in butanol-acetic acid-water (4: 1:1 v/v/v) solvent 
system. The zone of sugar was located with the help of guide strips containing authentic 
monosaccharide samples and sprayed with benzidine-trichloro-acetic acid (Bacon and 
Eldman 1951). The ralio of sugars was dctcnnincd al"ler eluting the corresponding zones 
from the paper chromatograms with distilled water and assayed hy the phenol sulfuric 
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acid method (Dubois et al. 1956). Standard curves for arabinose and galactose were 
I 
prepared simul taneous1y. 
Viscosity 
Viscosity of the aqueous dispersions was measured by an Ostwald type visco-
meter (Sargent-Welch Scientific Company, U.S.A., size no. 200, approximate constant= 
0.1 centistokes/s) at room temperature (21 °C). Distilled water was the reference 
standard and the results were reported as specific viscosity (viscosity, relative to that of 
distilled water). Soluble starch (Allied Chemicals, New York, New York) and gum ghatti 
(Central Scientific Company, U.S.A.) were included for comparative purposes. 
To study the effect of temperature on viscosity, the aqueous dispersions were 
cooled (4°C, 12 h) or heated (95°C, 30 min) and viscosity was measured at 21 °C. 
The effect of pH on viscosity was determined as follows. Two hundred fifty 
mg of the freeze dehydraied polysaccharide were dispersed in 50 ml of distilled water 
and the pH of aliquots (5 ml) was adjusted to a desired value with I N HCI or 
I N NaOH, and the viscosity measured at room temperature (21 °C). 
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RESULTS AND DISCUSSION 
Composition 
The yield of the freeze-dehydrated polysaccharide was 2.5 g from 100 g bean flour. 
The freeze-dehydrated polysaccharide was white fibrous substance containing 6.98% Lowry 
protein. Paper chromatographic examination indicated that arabinose and galactose were 
the major components of this polysaccharide accounting for 92.5% of the total mass. The 
ratio of arabinose to galactose was 2.0: I. 70. Susheelamma and Rao (1978) reported that 
the TCA soluble polysaccharide of black gram had a composition of arabinose:galactose: 
galacturonic acid:rhamnose = 30:20:3:5 with arabinose and galactose as the major con-
stituents in the ratio of 3:2. 
Viscosity 
Results of the viscosity studies are presented in Figures 48-50. Viscosity was con-
centration dependent and higher than those of soluble starch and gum ghatti (Figure I) 
at corresponding concentrations. At 1% ( w/v) concentration, viscosity of the Great 
Northern bean TCA soluble polysaccharide was 5.88 times that of gum ghatti and 9.80 
times that of soluble starch. 
High temperatures (21 and 95°C) reduced the viscosity of the aqueous dispersion 
of the polysaccharide (Figure 2). Heat treatment (95°C, 30 min) irreversibly changed 
the viscosity (cooling the heated dispersion to 21 °C failed to restore the original 
viscosity). The effect of temperature on viscosity was more pronounced at high con-
centrations (0.5% w/v). 
Viscosity was also found to be pH dependent (Figure 3). The highest viscosity 
was registered at a pi I or about 6.0, which was close to the pll or the aqueous dis-
persion (10% w/v) of the bean flour (pH of about 6.4) and did not change drastically 
over a pH range of 6.0-8.0. At both acidic and alkalilll: pi I, however, viscosity was 
rapidly reduced. Similar observations on the viscosity of TCA soluble polysaccharides 
of black gram were reported by Susheelamma and Rao (I 978). 
Figure 48 . Effects of concentration, temperature, and pH on viscosity of the 
Great Northern bean TCA soluble polysaccharide. 
(Far left: Effect of concentration on viscosity of the Great Northern bean TCA 
soluble polysaccharide. Middle: Effect of temperature on viscosity of the Great 
Northern bean TCA soluble polysaccharide. Far right : Effect of pH on viscosity 
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A trichloroacetic acid soluble polysaccharide of the Great Northern bean 
(Phaseo/us vulgaris L.) was isolated. Arabinose and galactose were the major constituents 
of this polysaccharide (92.5% of the total mass). The arabinose:galactose ratio was 
2.0 : 1.7. Viscosity of the aqueous dispersion of the polysaccharide was concentration, 
temperature, and pH dependent. Highest viscosity for the 0.5% (w/v) aqueous dis-
persion was observed at a pH of about 6.0. 
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GENERAL SUMMARY AND CONCLUSIONS 
Protein content of the Great Northern beans was 26.10% (dry weight basis). 
The isoelectric pH of 2% NaCl extractable proteins was about 4.4. Albumins and 
globulins accounted for 21.18 and 73.40%, respectively, of the total bean proteins. 
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A process was developed to prepare protein concentrates. Electrophoretic and column 
chromatographic studies indicated the complex nature of these bean proteins. 
Several physicochemical and functional properties of these bean proteins were 
investigated. Protein concentrates and albumins had excellent hydration and emulsion 
properties. Foam performance of the bean proteins was fair and buffer capacity over 
a pH range of 4-8 was modest. Succinylation and oxidation of the bean proteins im-
proved oil absorption. Globulins registered the highest stickiness (92 N) among all the 
samples. Sorption isotherms of the bean flour, albumins, globulins, protein concentrates, 
and protein isolates had similar patterns. 
Protein concentrates and isolates had significantly reduced (75-98%) trypsin and 
chymotrypsin inhibitory activities. Hemagglutinating activity was eliminated during 
fractionation of proteins. Protein concentrates were void of flatulence activity. Sulfur 
containing amino acids and leucine were respectively first and second limiting amino 
acids in the bean proteins. Heating improved the in vitro digestibility of the bean pro-
teins. 
Baking studies indicated that replacement of wheat flour for nutritional improve-
ment of cookie (up to 30 and 20% by bean flour and protein concentrates, respectively) 
and bread (up to 10% by both the bean flour and protein concentrates) was possible 
without adversely affecting their sensory attributes. Fermentation of the bean and rice 
blends suggested a patent ial of these beans for the development or novel food p rodu cls. 
The bean starch was isolated and partially characterized. The shape of the starch 
granules was from round to elliptical to concave, and in certain cases irregular as well. 
l11e starch granule size ranged from 12 X 12 to 58 X 40 ~m (length X width). Amylose 
content of the starch was low (10.2% on the starch basis). Viscoamylographic studies 
suggested the restricted-swelling character or the bean starch. Solubility and swelling 
of the bean starch was temperature and pH dependent. Impregnation of free fatty 
acids on the bean starch reduced the Brabender Amylograp!®viscosity and raised 
the gelatinization temperature. The mucilage principle of the beans was isolated. 
Arabinose and galactose were the major constituents of tllis mucilage principle. The 
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